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EXPERIENCE IN ILLINOIS WITH JOINTS 
IN CONCRETE PAVEMENTS 


I. INrRoDuUCTION 


1. Statement of General Problem.—The practice of installing joints 
in concrete pavements, to provide for the movements which take place 
when temperature and moisture conditions change and to relieve the 
stresses which occur, is almost as old as the modern hard-surfaced 
road itself. A patent granted in 1871, covering the use of gum, tar, 
rubber, or other water-repellent materials as a filler for joints in pave- 
ments, indicates that the early designers were conscious of the need for 
joints. However, the use of joints has been by no means universal, nor 
have the practices been uniform. Many different materials and designs 
have been used throughout the country, and engineers have widely 
different ideas as to the spacing, size, and type of joint which best 
meets requirements. 

An example of the diversity of the opinions which existed with 
respect to joints is shown in Table 1, which gives the jointing practices 
in effect throughout the United States on January 1, 1939. A more 
complete summary of State Highway Department specifications and 
practices in the design of portland cement concrete pavements, in 
effect at the beginning of the national war emergency in 1942, is given 
in Table 2 (see pocket attached to inside back cover). It will be seen 
from these tables that the practices of the various states with respect 
to Joints were rather widely varied. 

While joints were not adopted for general use by the Illinois 
Division of Highways until 1928, many miles of pavement have since 
been built in which joints of different types and materials were in- 
corporated, and much experience has been gained. A large amount of 
investigational work has been done by the Division of Highways and 
the University of Illinois, both separately and cooperatively. The re- 
sults of this work are recorded in individual departmental reports. 
However, in view of the importance of the problem of jointing pave- 
ments, it is believed that a report consolidating the studies of both 
agencies and recording the experience that has been gained by the 
installation of joints in pavements in Illinois will be of much value 
to highway designers. 


2. Historical Background of Practice in Illinois. — During the early 
period of development of a state-wide system of hard-surfaced high- 
ways in Illinois, no attempts were made to provide for the expansion 
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Fia. 1. Typican BLowup IN CoNcrETE PAVEMENT 


and contraction of concrete pavements. There were two reasons for 
this practice. First, it was believed that the cracks, which were known 
to occur in long, thin, concrete slabs subject to wide and sometimes 
sudden changes in climatological conditions, could be adequately 
sealed with asphalt cement to prevent the concrete from spalling at 
the edges of the cracks and to prevent also the entrance of dirt into 
the cracks. Second, it was generally believed that normal changes in 
length of the pavement would be absorbed by its numerous horizontal 
curves. 

Experience later proved that cracks could not be sealed with any 
of the available fillers against the entrance of foreign materials. Each 
time the pavement contracted, dirt entering the cracks prevented them 
from fully closing again on subsequent expansion. The action was 
progressive, the cracks becoming a little wider with each cycle of 
expansion and contraction. This eventually resulted in an actual 
lengthening of the pavement which was not absorbed by the changes 
in alignment, as was expected, and, as a consequence of the concen- 
tration of compressive stresses during periods of expansion, failures 
of the concrete commonly known as blowups occurred. Figure 1 is a 
photograph of a typical blowup. 

The frequent occurrence of blowups finally became such a serious 
problem, from the standpoint of highway safety and pavement main- 
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tenance costs, that the various highway districts adopted the general 
practice of cutting transverse joints at those locations where blowups 
appeared imminent. At locations where blowups did occur, space for 
future expansion of the concrete was provided at the time the failure 
was repaired by leaving an opening in the slab and filling it with 
asphalt. 

In 1923 one of the highway districts, as an experiment, began 
constructing 4-in. open joints in a few sections of concrete pavement, 
spacing the joints nearly one-half mile apart. This spacing, however, 
was gradually decreased, until in 1926 it averaged a little less than 
1,000 ft. These open joints apparently were useful in delaying the 
occurrence of blowups, and in 1928 their use was adopted as standard 
practice throughout the state. They were spaced at not less than 800 ft. 
nor more than 1,000 ft. While a limited mileage of pavement was con- 
structed in the Chicago area during 1929 and 1930 without open joints, 
by 1931 they were being built into all pavements constructed directly 
by the state and by the counties under state supervision. In con- 
structing the joints, the depth of the slab adjacent to the opening was 
increased to offset the dynamic effect of wheel loads passing over the 
joint. 

By 1932, however, it was discovered from examinations of the earlier 
joints of this type that they were closing rapidly, making it necessary 
at the end of four or five years to widen many of the Joints or cut 
new ones to prevent blowups. Certain features of this type of joint 
were undesirable from the standpoint of design. It was quite common 
for the slab to break transversely at or near the transition from the 
strengthened portion to the standard central depth; the extrusion of 
the asphalt used as a filler formed a high ridge over the joint, which 
had to be removed several times a year to prevent excessive impact 
under heavy wheel loads; when the pavement contracted, there was 
not enough aspalt to fill the joint and more had to be added; dirt 
entered the expansion space from the subgrade, working up into the 
joint and displacing the filler; and, in some instances, the transverse 
crack which occurred near the joint acted a great deal like a blowup. 
In these latter cases, the slab rose several inches, making it necessary 
to cut the concrete in order to restore the slab to its proper position. 

In view of these conditions, the Chief Highway Engineer, on Feb- 
ruary 21, 1931, appointed a committee composed of four bureau 
chiefs and one district engineer to make a comprehensive investigation 
and submit recommendations as to the future policy which should be 


followed. 
Under the direction of this committee, a study of the concrete 
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pavements, constructed from 1922 to 1931, inclusive, was made. The 
data collected were analyzed and the committee submitted its findings 
and recommendations to the Chief Highway Engineer on February 1, 
1932. The investigation revealed that during the period mentioned, 
4633 miles of pavement had been constructed without expansion 
joints, that 3,940 joints had been cut in these pavements, and that up to 
the end of 1931, 3,400 blowups had occurred on the 4,633 miles. The 
study showed that the rate at which blowups occurred increased with 
the age of the pavement; for example, pavements built in 1922 aver- 
aged two blowups per mile in 1931. 

During the same period (1922-1931, inclusive), 3,417 miles of 
pavement were constructed with 4-in. open joints, of which only 269 
miles, all in one district, had been constructed prior to 1928. In the 
pavements built prior to 1928, the ends of the slabs adjacent to the 
joints were not strengthened by edge thickening, a procedure which 
was followed in the pavements built during and after that year. The 
data assembled by the committee showed that the 4-in. joints closed 
at the rate of approximately one inch per year, and that blowups 
could be expected about the fifth year after construction, although 
scattered blowups might occur earlier. This conclusion was based not 
only on measurements of the width of the joints in pavements of 
various ages, but also on data as to the occurrence of blowups and the 
necessity of widening existing Joints and cutting new joints to keep 
blowups to a minimum. That blowups may occur early in the life of a 
pavement, in spite of 4-in. joints, was demonstrated by the fact that 
five blowups occurred in one district during the year the pavement 
was built. 

The committee agreed that expansion space of some kind should 
be provided, but did not feel that the data available justified definite 
recommendations as to particular types. While the 4-in. joints were 
not considered satisfactory, it was recommended, in the absence of a 
more suitable type, that their use be continued during 1932. In the 
meantime, it was thought advisable to construct a number of experi- 
mental sections in which joints with smaller openings spaced at shorter 
intervals would be provided. It was suggested that both 1-in. joints 
spaced 200 ft. apart and 2-in. joints spaced 400 ft. apart be used, and 
also that 4-in. joints, preferably of the mechanical type, be provided 
every 1,000 ft. It was felt that the strengthening of the slab ends 
adjacent to joints should be accomplished by some means other than 
the edge thickening then in use. 

Experimental installations of several types of joints were made 
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during the late summer and fall of 1932, substantially as recommended 
by the committee. The various types installed were obtained by in- 
viting manufacturers of joints to submit their particular types or 
designs. The bituminous premolded type was also included. Approxi- 
mately 30 miles of pavement containing these experimental joints 
were constructed, and periodic inspections were made to observe their 
behavior. 

On the basis of the knowledge gained from these trial installations, 
the Division of Highways, in 1933, chose the copper-sealed, all-metal, 
air-chamber joint as the type most nearly meeting the known require- 
ments for extending the service life of pavements, eliminating unsafe 
conditions caused by frequent blowups, and reducing maintenance costs 
of the pavements. It was expected that such joints would prevent in- 
filtration of foreign material into the expansion space and, if closely 
spaced, would be effective in reducing the number of transverse cracks, 
thus preserving over a long period most of the expansion space 
originally provided. 

After a study of transverse crack intervals in existing concrete 
pavement, it was decided to use, at intervals of 90 ft., copper-sealed, 
all-metal, air-chamber expansion joints with not less than %4 in. nor 
more than 1 in. of free expansion space, to insert two copper-sealed, 
metal contraction joints between each pair of expansion joints, thus 
providing a spacing of 30 ft. between joints, and to omit the marginal 
bars previously used. The use of dowel bars 34 in. in diameter and 24 in. 
in length, spaced not less than 12 in. nor more than 15 in., center to 
center, or some other approved load transmission system, was specified, 
provisions being made to break the bond between the bars and the 
concrete so as not to hinder the free movements of the slab. 

The standard practice governing the use of joints conformed with 
the requirements of the U. 8. Bureau of Public Roads (now Public 
Roads Administration) for Federal-aid construction. These require- 
ments were set forth in a memorandum to District Engineers (U. 8.) 
March 3, 1934, signed by the Chief of the Bureau, specifying that: 

“(1) Expansion joints be used at intervals not greater than 100 feet, 
providing expansion openings of not less than 4 inch nor greater than 1 inch. 

“(2) Provisions be made for load transfer across expansion joints, either 
by the use of dowel bars or other devices which will accomplish the same 


purpose. 

“(3) Provision be made for crack control by the use of steel reinforce- 
ment, or suitably designed transverse contraction joints or planes of weakness 
so spaced that the distance between such contraction joints does not exceed 


30 feet.” 
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In addition to these definite requirements, the memorandum con- 
tained a number of explanatory statements and recommendations re- 
lating to provisions for transmission of load across the joints and to 
the necessity of sealing the joints against infiltration of inert material 
and the entrance of surface water into the joints. With proper spacing 
of joints, the usual marginal bars were not required. 

From 1933 to 1937, inclusive, the period during which metal joints 
were used, the Division of Highways approved for general use three 
designs of metal-sealed, all-metal, air-chamber expansion joints and 
an equal number of metal-sealed contraction joints. Those approved 
are identified herein as Types J-1, J-2, J-4, and J-5, the latter two 
being substantially of the same design. 

The J-1 joints were included in the experimental installation in 
1932, further improved during 1933, and used until metal joimts were 
discontinued. 

The J-2 joints were developed during 1933 and trial installations 
were made in September of the same year. These joints were approved 
for use in July, 1934. After they had been incorporated in a consider- 
able mileage of pavement, however, it-became apparent that satis- 
factory installations were not being obtained because of certain 
defects inherent in the design, and approval was withdrawn in Feb- 
ruary, 1935. 

The J-4 joints were developed during 1934; trial installations were 
made in September of that year and the joints were approved for use 
during January, 1935. They were used until February, 1938, when 
metal joints were discontinued. 

The J-5 joints, quite similar to the J-4 joints, were approved in 
April, 1936, and used until metal joints were discontinued. 

The J-1, J-4, and J-5 joints utilized 34-in. dowel bars, 24 in. in 
length, for the transmission of load across the joints; the J-2 joints 
incorporated a load transmission device identified herein as Type L-2. 
Later on, the L-1 load transmission device, which consisted of a short 
dowel inserted in metal sleeves bonded in the concrete on opposite 
sides of the joint, was developed. This device, after having been in- 
stalled experimentally in September, 1935, with good results, was 
approved as an alternate for the conventional dowel bars. Descriptions 
of the joints and load transmission devices approved for use are given 
in Chapter IT (see pages 29-58). 

The use of metal joints was discontinued at the end of the 1937 
construction season, because it was found, as will be discussed later, 
that serious defects were developing in these joints and the anticipated 
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results were not being obtained. Experience also proved that the 
practice of installing joints at 30-ft. intervals does not control trans- 
verse cracking. The metal joints, however, appeared to have been 
effective in postponing for an indefinite period the occurrence of 
blowups. With these facts in mind, the Division of Highways in 
February, 1938, adopted the practice of installing 34-in. premolded 
joints of fiber, cork, rubber, or cork-rubber at 50-ft. spacings. Knowing 
that transverse cracks would occur, reinforcement was provided to 
keep such cracks closed so that inert material could not enter. The use 
of thé types of load transmission devices employed in connection with 
the all-metal joints — namely, the conventional dowel, and the L-1 and 
L-2 devices — was continued. 

With the exception of the earliest pavements in which 4-in. joints 
were built, all of the pavements with transverse joints were of the 
thickened edge design with metal longitudinal center joint and 14-in. 
round deformed steel tie bars. Practically all of the pavements with 
4-in. joints were of the 9-6-9 design; that is, 9 in. thick at the edges, 
tapering in 2 ft. to the uniform central thickness of 6 in. Most of the 
pavements with air-chamber joints and premolded joints were of the 
9-614-9 or 9-9-7-9-9 design, although some built in the metropolitan 
areas were of the 10-10-8-10-10 design. Marginal bars, %4 in. or 4 in. 
in diameter, were placed 6 in. from the edges and at the mid-depth 
of the slab in all pavements with 4-in. joints for the purpose of fur- 
nishing mutual support between adjacent slabs at transverse cracks 
which formed. When all-metal joints at close intervals were adopted, 
it was decided that these marginal bars could be omitted, on the 
theory that transverse cracks would seldom occur in the short panels 
formed between the joints. With the adoption of premolded joints, 
the pavements were reinforced with wire fabric weighing approxi- 
mately 55 lb. per 100 sq. ft. 

The proportions used for the concrete in pavements built prior to 
1930 were 1:2:3%4 by volume; after that time the concrete mixtures 
were designed by the mortar voids method to give a strength of at 
least 3,500 lb. per sq. in. in compression and 650 lb. per sq. in. in 
flexure at 14 days. Aggregates and cement were obtained from ap- 
proved commercial plants in Illinois and surrounding states. 

Ageregates for use in highway construction in Illinois are obtained 
principally from approximately 150 commercial sources of sand, 
eravel, and crushed stone, located largely in the north central and 
northern parts of the state and along the boundary rivers in the 
southeastern and southwestern parts of the state. 


24 ILLINOIS ENGINEERING EXPERIMENT STATION 


Practically all of the stones used in Illinois were probably formed 
by the organic process and are classed as either limestone or dolomite. 
The limestones are composed mostly of calcium carbonate. The dolo- 
mites are composed of calcium carbonate and magnesium carbonate. 

The sands and gravels, which are of glacial origin, in some cases 
are stream borne, especially in the southern portions of the state. They 
consist mainly of limestone and dolomite particles, although some of 
the river sands contain relatively large percentages of silicious 
material. 

In general, the aggregates used in Illinois may be said to be of 
fairly good quality; little trouble has been encountered which could 
be attributed to unsound aggregates. While aggregates bear an im- 
portant relation to the performance of joints, no attempt was made 
in these investigations to correlate the action of joints with the proper- 
ties of the aggregates used. It is believed that the scope of the investi- 
gations was so broad, covering construction extending over six years 
in all parts of the state, that the influence of different aggregates can 
be disregarded in overall comparisons between joints. 

All materials were subject to inspection and test under the pro- 
visions of the “Standard Specifications for Road and Bridge Construc- 
tion” and special provisions in force at the time of construction. 

The soils in Illinois vary from the more friable sandy and silty 
loams to the more plastic sandy and silty clay loams, clay loams, and 
clays. The silty loams predominate. Comparatively small areas of sand 
and loess are distributed throughout the state. A few peat bogs are 
encountered in the northeastern portion of the state. 

No attempt was made in these investigations to correlate the 
action of joints with the types of soils on which they were located. 
As in the case of aggregates, it is believed that the scope of the in- 
vestigations was so broad that variations in soils would not be re- 
flected in the overall comparisons. It is hoped that the effects of soils 
and aggregates will be considered in later investigations. 

Generally speaking, the pavements were built upon existing soils 
with little being done to treat or replace the soils to improve the 
subgrade; the technique of soils testing was not developed to a point 
which would enable engineers to predict with sufficient assurance the 
behavior of all types of soils under anticipated conditions. The Di- 
vision of Highways felt that under such circumstances it was more 
economical to correct those relatively few conditions which would 
develop as the result of faulty subgrade than to try to anticipate them 
and treat and replace subgrade material before construction. Excep- 
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tions to this policy were made in a few cases where the existing soil 
conditions were so obviously bad that it was definitely apparent that 
the subgrade would not provide adequate support for the pavement 
slab. In these cases the subgrade material was treated or replaced. 
Drainage of the pavement and subgrade was in general accomplished 
by sloping shoulders and side ditches. On hills and grades curb and 
gutter were sometimes built along the edges of the pavement to carry 
the water to an outlet at a low point from which it was carried to the 
side ditch. In a few cases special drainage systems were installed at 
the time of construction to drain the subgrade at locations known to 
be excessively wet or to intercept a flow of ground water before it 
reached the subgrade. 


3. Scope of Present Study.— The decision of the Illinois Division 
of Highways to discontinue the use of all-metal joints and to adopt the 
practice now in effect was based on a number of field and laboratory 
investigations made during the period these joints were in use. These 
investigations, particularly the later ones, will be discussed in this 
bulletin, and their results summarized and analyzed. 

Five major field investigations were made during the period from 
1934 to 1939, inclusive. The first of these, conducted in 1934 and 1935, 
dealt with the J-2 joints, various difficulties having been experienced 
with this type without successful methods of correction being 
developed. 

A fairly extensive investigation of J-1 and J-4 joints was made 
in 1935 and 1936, primarily to secure data which would be of value 
to the construction organization in improving the methods of installa- 
tion-of the joints. 

During the summer of 1937, an extensive investigation was started 
by the Division of Highways to study the performances of all types 
of all-metal joints which had been installed in Hlinois pavements up to 
that time. 

Coincident with this investigation, but entirely independent of it, 
an extensive investigation of expansion and contraction joint practices 
in Illinois was made by a committee, composed of members of the 
staffs of the Departments of Civil Engineering and Theoretical and 
Applied Mechanics of the College of Engineering, appointed by the 
President of the University of Illinois at the request of the Governor 
of Illinois. The University committee also was instrumental in arrang- 
ing for an experimental section, hereinafter ealled the Armington 
Experimental Road, in which various types of joints and load trans- 
mission devices submitted to the committee by manufacturers were 
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installed. This work was carried on with the cooperation of the 
Division of Highways under the direction of the University committee. 
A complete report of this project is included in this bulletin (see 
pages 197-243). 

In November, 1939, the Director of the Department of Public 
Works and Buildings ordered a thorough investigation of the condition 
of all types of joints which had been incorporated in pavements in 
Illinois, to determine beyond any question of doubt whether all-metal 
joints were or were not suitable for use. This investigation was con- 
ducted by the personnel of the Division of Highways, with the Univer- 
sity committee previously mentioned acting in a consulting capacity. 

Laboratory investigations were carried on by both the Division of 
Highways and the University of Illinois. The Division of Highways 
laboratory investigation started when all-metal joints were introduced, 
and was carried on more or less continuously during the period when 
all-metal joints were used. Since the principal purpose of the labora- 
tory tests was to determine whether a_joint or load transmission device 
submitted for approval possessed defects which might make it unde- 
sirable, this investigation did not follow any definite program, but was 
conducted as samples were submitted by manufacturers or their agents. 

The laboratory investigation by the University was conducted 
simultaneously with the field investigation and under the direction of 
the same committee. It consisted of a highly organized program of 
tests of most of the joints and load transmission devices which had 
been tested previously by the Division of Highways and of a number 
of others which had been submitted at the invitation of the University 
committee. 

A supplementary field investigation was made early in 1943, after 
the preparation of the manuscript for this bulletin had been started, 
to obtain further information on fiber joints, which had been installed 
for only one year when examined in 1939, and to study the relative 
effect of joints and transverse cracks in contributing to surface 
roughness. 


4. Object of the Bulletin. —It is the object of this bulletin to pre- 
sent the experiences in Illinois in connection with the use of joints in 
concrete pavements, particularly during the period from 1928 to 1940. 
When reference is made in a few instances to experiences earlier or 
later than this period, specific dates are given. The bulletin includes 
descriptions of joints and load transmission devices which have been 
used in Illinois and elsewhere in the United States; a study of current 
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practices in the United States; a discussion of the laboratory tests 
which have been made; reports of the field investigations; a report 
of the Armington Experimental Road; and a report of the work done 
by the University in cutting joints with abrasive wheels. The data 
obtained from the investigations, and the knowledge gained through 
years of experience in building thousands of miles of pavements with 
and without expansion joints, are summarized, and finally conclusions 
are drawn, based on the experiences in Illinois, which it is hoped may 
be of value to highway engineers. 

This bulletin is based entirely on experiences in Illinois. While 
members of the University committee discussed with highway engi- 
neers in other states and the Public Roads Administration the general 
problem of jointing pavements, their conclusions were drawn only 
from their findings in Illinois. Other states may have had similar 
experiences, but the statements made herein apply only to Illinois. 
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arranged for the experimental installation of joints and load transmis- 
sion devices in the Armington Experimental Road. The installations 
were made under the committee’s direction in cooperation with the 
Division of Highways. R. G. Orsrmri, Resident Engineer for the Di- 
vision of Highways on the Armington Experimental Road, rendered 
valuable service to the University committee both during and after 
completion of construction. - 

The laboratory work by the University committee was supervised 
by T. J. Doan, then Assistant Professor in Theoretical and Applied 
Mechanics, under the direction of Prorpssor RicHart. 
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Experimental work on cutting joints with abrasive wheels was 
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The field investigations and laboratory tests by the Division of 
Highways were under the direction of V. L. Guover, formerly Engi- 
neer of Materials, now Assistant Chief Highway Engineer. J. D. 
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II. Description or Typrs or JoINTS AND Loap TRANSMISSION DEVICES 


6. General Statement. — The types of joints and load transmission 
devices described herein include those approved for general use in 
Illinois, those which have been tested by the University of Illinois 
and the Division of Highways, and others whose use throughout the 
United States has been sufficient to make them of general interest to 
highway engineers. These descriptions include photographs, drawings, 
and such written comments as are deemed necessary to give the reader 
a clear understanding of these joints and devices. 

All joints and load transmission devices tested by the Division 
of Highways and the University of Illinois and installed in the Arm- 
ington Experimental Road were submitted by the manufacturer of the 
product and were tested and used with his approval. 


7. Expansion and Contraction Joints. — Expansion joints fall into 
three general classifications; namely, metal-sealed joints, open joints 
with poured fillers, and joints with preformed fillers. While an expan- 
sion joint also may be considered as a contraction joint because it 
performs the same function, strictly speaking a contraction joint is 
one which provides only for contraction. Contraction Joints fall into 
two general classes: the metal dividing plate type and the dummy 
type. The individual joints in these several classes are discussed below: 


(a) All-Metal Expansion Joints 


Metal-sealed expansion joints may be further divided into two 
subclassifications — the so-called air-chamber joint, and those joints 
which have a metal seal over a preformed filler. 

In general, the air-chamber joint consists of a box or form made 
from light-gage sheet steel to the form and general dimensions of the 
cross section of the pavement. A separator, such as a channel shaped 
member made from light-gage steel, is usually provided to prevent 
the side walls from collapsing under the pressure of the plastic con- 
crete. The top and ends of the box are covered by a seal of corrosion- 
resistant sheet metal having flanges which extend into the concrete 
on either side of the joint. The seals are made of various shapes 
designed to permit changes in the joint width without producing 
excessive stress in the metal. All the air-chamber joints included in 
this study had seals made from sheet copper weighing approximately 
16 oz. per sq. ft. The seven types of air-chamber Joints discussed in 
this bulletin are described below. 
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(1) J-1 Expansion Jornv. Figure 2 is a photograph of a J-1 expansion 
joint, showing one of the later designs. The copper seal on this joint was made 
in the shape of an inverted “U”. The seal was carried down over the ends of 
the joint, the junctions between top and end seals being lapped and soldered. 
A premolded bituminous cap cemented over the copper seal served to protect 
the seal during installation and to provide a guide for edging. The premolded 
cap was left in place after installation to protect the seal from the action of 
traffic. Figure 3 is a cross section of a joint for a 7-in. pavement, showing 
some of the details of design. This joint, first used in Illinois in experimental 
installations made during 1932, was approved for general use in 1933. It was 
included in the program of tests at the University of Illinois and was installed 
in the Armington Experimental Road. 

(2) J-2 Expansion Jornt. Figure 4 shows a short section of the J-2 ex- 
pansion joint, which had a U-shaped seal which rested on the side plates, and 
was held in place by wires or bands passing under the bottom of the joint and 
fastened to the flanges of the seal. A bituminous premolded cap over the 
copper seal is intended to be left in place after installation. Since experience 
in Illinois, however, showed that this cap was not satisfactory, it was not 
generally used. Instead, the joint was equipped with a steel installation bar 
which was removed as soon as the concrete had set up sufficiently to be edged. 
The space above the seal was later filled with a poured asphalt filler. 

The joints used in Illinois did not have copper end seals. The ends were 
sealed by means of a %4-in. steel plate attached to one side of the joint and 
enclosed in a galvanized sheet steel sleeve attached to the other side of the 
joint. A particular feature of this joint was the load transmission device 
furnished as a part of the joint, consisting of sections of 4-in. x 2%4-in.x 
3-in. structural angle 1 ft. in length, set alternately on each side of the 
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joint, with the vertical leg extending up along the side walls and the horizontal 
leg extending under the joint and the edge of the concrete slab adjacent to the 
joint. Three lugs, cut and formed from the vertical leg, extended outward 
from the side of the joint to provide anchorage in the concrete. Details of this 
joint, which was approved for general use in Illinois in July, 1934, are shown 
in Fig. 5. It was included in the program of tests at the University of Illinois 
and installed in the Armington Experimental Road. 

(3) J-3 Expansion Jornt. Figure 6 shows the metal expansion joint de- 
veloped for use in conjunction with the L-5 load transmission device, which 
wili be described later. Figure 7 is a cross section of this joint showing details 
of design. This joint was not used generally in Illinois, but it was included in 
the program of tests at the University of Illinois and installed in the Arming- 
ton Experimental Road under the direction of the University committee. 
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(4) J-4 Expansion Jorn. The J-4 expansion joint, which was equipped 
with an M-shaped copper seal, is shown in Fig. 8. The seal was carried down 
over the ends, and the junctions between top and end seals were lapped and 
soldered. A wood installation strip was provided to protect the seal during 
installation and to serve as a guide for edging. This strip was later removed 
and the space above the seal poured with an asphalt filler. Figure 8 shows 
the joint equipped with conventional *4-in. dowel bars 24 in. long, but the 
joint would accommodate other types of load transmission devices. Details of 
design are shown in Fig. 9. This joint was approved for general use in Illinois 
in January, 1935. It was included in the program of tests at the University 
of Illinois and installed in the Armington Experimental Road. 
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(5) J-5 Expansion Jornt. A short section of a J-5 expansion joint is 
shown in Fig. 10. This joint was almost identical in design and construction 
to the J-4 expansion joint. Figure 10 shows the joint equipped with the wing 
anchor load transmission device, but it was designed to accommodate other 
types. Figure 11 is a cross section of this jot showing details of design. 
Approved for general use in Illinois in April, 1936, this jot was included in 
the program of tests at the University of Illinois and installed in the Arming- 
ton Experimental Road. 

(6) J-6 Expansion Jornt. Figure 12 shows a short section of the J-6 
expansion joint, which was provided with a U-shaped copper seal held in place 
between the side walls of the joint by means of the pressure exerted by a 
sponge rubber cap, fitted into the trough of the seal, and a rolled bead on 
each side of the seal which fits into a similar deformation along the top edge 
of each side plate. The copper seal was continuous over the top and ends of 
the joint, the seal being drawn on a 3-in. radius at the upper corners and 
carried down the ends to the bottom of the joint. The flanges of the copper 
seal extended only a short distance into the concrete, except for small lugs 
spaced at regular intervals along the seal. While Fig. 12 shows the joint 
equipped with the manufacturer’s own load transmission device, this joint 
will accommodate other types. Figure 13 shows the details of design. 
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Since this joint provided a free expansion space of less than % in., it did 
not conform in this respect to the requirements of the Illinois Division of 
Highways or the Public Roads Administration. Installed experimentally in 
Illinois but not adopted for general use, it was included in the program of 
tests at the University of Illinois and installed in the Armington Experi- 
mental Road. 

The manufacturer recommended the use of %-in. expansion joints without 
intermediate contraction joints, and part of the installation in the Armington 
Road was in accordance with this recommendation. In addition, three 1-in. 
expansion joints and six contraction joints, made especially for the purpose, 
were installed on this project. 

(7) J-7 Expansion Joint. The J-7 expansion joint is shown in Fig. 14. 
On this joint the copper seal, which was M-shaped and very similar to others 
of this type, was mitered and soldered and carried down over the ends of the 
joint. A particular. feature of this joint was that the separators, instead of 
bemg made from steel, consisted of blocks of premolded asphalt filler placed 
between the side walls of the joint. Figure 14 shows the joint equipped with a 
modified wing anchor load transmission device, L-12, which will be described 
later; however, the J-7 jomt was designed to accommodate other types of load 
transmission devices. Details of design are shown in Fig. 15. This joint was 
not approved for use by the Division of Highways, but was included in the 
program of tests at the University of Illinois and installed in the Armington 
Experimental Road. 


(b) Metal-Sealed Expansion Joints with Premolded Fillers 


These joints consisted essentially of a premolded filler of one of the 
various types cut to the form and dimensions of the cross section of 
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the pavement, with a copper seal made from 16-oz. sheet copper 
attached to the top and ends of the preformed filler. The three joints 
of this type included in this bulletin are described below: 

(1) J-8 Expansion Jornv. Figure 16 is a photograph of a short section 
of this joint, which consisted essentially of a premolded fiber-board body, 
copper top and end seals, a flanged channel black iron stiffener along the 
bottom of the fiber board, and a premolded bituminous cap, rectangular in 
shape, set on top of the seal and held in place by means of steel clips spaced 
at regular intervals. The end seals were of the same construction as the top 
seal and the junction between the two was mitered and soldered. 
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Fig. 17. J-8 Expansion JOINT 


This joint, which was designed to use the conventional %4-in. dowel bar 
24 in. long, was provided with dowel bar supports made from steel wire (see 
Fig. 17). Tested by the Division of Highways but not approved for general 
use, this joint was included in the program of tests at the University of 
Illinois and installed in the Armington Experimental Road. 
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(2) J-9 Expansion Jornt. The J-9 expansion joint, shown in Fig. 18, 
consisted essentially of a premolded fiber joint filler cut to the form and 
approximate dimensions of the cross section of the pavement, copper top and 
end seals, and an especially designed arrangement for supporting 1-in. round 
dowel bars furnished with the joint. The copper seal, made in the form of an 
M with a very shallow trough, was provided with short flanges to anchor it 
into the concrete. These flanges had no deformations or other provisions for 
increasing the mechanical bond between the seal and the concrete. The end 
seals were of the same design and construction as the top seal, with the junc- 
tion between them made by lapping the top seal over the end seal and cover- 
ing the corner with a strip of electrician’s friction tape. The steel dowel bars, 
1 in. in diameter and 19 in. long, were welded to a %-in. x 1%-in. x 1%-in. 
structural steel angle in such a manner that when assembled on the joint the 
vertical leg of the angle rested against the premolded filler. A pressed steel 
chair, which passed under the joint, served to hold the bottom of the joint 
in place and support the ends of the dowel bar, maintaining it in vertical 
alignment. The joint was held at the top by means of pressed steel diagonal 
braces extending over the top of the joint and fastened to the dowel chair. 
Figure 19 shows details of design. 

A few samples of the joint were also furnished in which an oval dowel of 
tubular construction, whose outside dimensions were 1 in. x 1% in., was sub- 
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stituted for the 1-in. round dowel. Though not approved for use by the Divi- 
sion of Highways, this joint was included in the program of tests at the 
University of Illinois and installed in the Armington Experimental Road. 

(3) J-10 Expansion Jornv. Figure 20 shows a short section of this expan- 
sion joint, which consisted essentially of two pieces of premolded fiber joint 
filler cemented to two side plates made of No. 14 gage sheet steel formed to 
provide space at the center of the joint for a flat steel bar, which acted as the 
load transmission device. The plate, which extended the full length of the 
joint, projected into the concrete on each side of the joint. Lugs, cut and 
formed from the side plates, extended outward from the joint to provide 
anchorage in the concrete, and the bottom of the joint was supported by 
means of a sheet steel base. The copper top seal was made in the form of a 
flanged channel set over the top of the premolded filler. The seal extended 
farther down on one side of the joint than on the other, placing the flange on 
the short side very close to the surface of the pavement. The flange on this 
side was short, providing very little anchorage in the concrete. No end seals 
were provided. Figure 21 shows details of design. 

This joint was tested by the Division of Highways but was not approved 
for use. It was also included in the program of tests conducted by the Univer- 
sity of Illinois and installed in the Armington Experimental Road. The Divi- 
sion of Highways tested joints with a %-in. filler and plate dowels 1% in. x 
%46 in., 1% in. x % in., and 2% in. x *%e in., and a joint with a 1-in. filler and 
a plate 3 in. x % in. Those joints included in the laboratory tests at the 
University had a 1%-in. x %4¢6-in. dowel plate and a %-in. filler. In the joints in- 
stalled in the Armington Experimental Road, the plate was 2% in. x % in. 

The Division of Highways also tested a later design (Fig. 31) in which 
the dowel plate was omitted, the horizontal members of the side walls being 
fitted tightly together to provide load transfer. 
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(c) Metal-Sealed Contraction Joints 


The Division of Highways made only a few preliminary tests on 
metal-sealed contraction joints, and no joints of this type were in- 
cluded in the program of tests conducted by the University of Illinois. 
The contraction joint was not considered less important than the 
expansion joint, but it was believed that if the expansion joints passed 
the tests the contraction joints would also, because the conditions 
imposed upon expansion joints installed in pavements were believed 
to be more severe than those imposed upon contraction joints. This 
belief was verified by the field investigations, which showed that the 
copper seals on contraction joints suffered much less than those on 
expansion joints. 
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Only five contraction jomts were submitted to the Division of 
Highways for approval; with the exception of one they all consisted 
essentially of a sheet steel plate cut to the form and dimensions of the 
cross section of the pavement, a U-shaped copper seal, and galvanized 
iron end closures. The copper seal was flanged to provide anchorage in 
the concrete and the steel plate was punched to receive the load trans- 
mission devices. 


Figures 24, 25, and 26 are drawings of the J-1, J-2, and J-4 con- 
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traction joints, respectively. In 1935, the J-2 contraction joint was 
modified to include a steel dividing plate and a copper seal similar in 
shape to that on the J-1 and J-4 contraction joints. This joint was 
furnished with the L-2 load transmission system, as was the original 
design. The fifth joint, J-5, was almost identical in design to the J-4 
joint. 

The J-1, J-4, and modified J-2 contraction joints were installed in 
the Armington Experimental Road in conjunction with the respective 
expansion joints. Four other contraction joints, all similar in design 
to the J-1 and J-4 joints, namely, the J-3, J-5, J-6, and J-7, also were 
installed in the Armington Experimental Road. 


(d) Dummy Contraction Joints 


This is a name commonly given to a transverse crack formed by 
cutting a groove in the surface of the pavement at the time the 
concrete is finished, or by use of a cracker strip placed on the subgrade 
or inserted in the concrete during the paving operations. Dummy con- 
traction joints may also be formed by cutting a groove in the concrete 
with an abrasive wheel after the concrete has set. In the case where 
grooves are formed or cut in the surface of the pavement, the space is 
usually filled with a poured asphalt or other type of poured filler or a 
preformed filler. This type of joint is usually installed without any 
provisions for transferring load from one slab to the other except that 
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which is obtained by the interlocking action of the irregular faces of 
the joint, commonly referred to as “aggregate interlock.” However, 
load transmission devices are sometimes used in connection with this 
joint, being set at predetermined locations on the subgrade before the 
concrete is placed, the grooves being subsequently formed over the 
load transmission devices. Where mesh reinforcement is used, it 1s 
sometimes permitted to extend across the dummy joints to assure more 
positive aggregate interlock by holding the joint faces close together. 

The dummy contraction joint had not been used by the Illinois 
Division of Highways at the time these studies were made. Load trans- 
mission tests were made at the University of Illinois on several 
variations of this type of joint, and one type was installed experi- 
mentally in the Armington Experimental Road. 


(e) Open Joints with Poured Fillers 


This type of joint, perhaps the first used in highway construction, 
has had wide usage throughout the United States. It is usually formed 
by placing a removable header or bulkhead at a point where a joint is 
desired. The space left by the header is filled with one of the many 
types of fillers. The joint may be installed with or without load 
transmission devices. Where load transmission devices are used, they 
are generally conventional dowels, and a special slotted header which 
can be withdrawn without disturbing the dowels is used. The fillers 
commonly used may be classified into two groups; namely, bituminous 
and bituminous mixtures, and rubber and rubber mixtures. 

(1) Brrumrnous AND Brruminous Mixtures. Bituminous fillers include 
various grades of asphalt and tar which are heated and poured into the 
expansion space. In Illinois the use of this type of filler, with the exception of 
some experimental work, has been confined principally to a blown asphalt 
having a minimum softening point of 180 deg. F. and a penetration from 30 
to 50. This material was used almost exclusively in filling the 4-in. open joints 
built in pavements constructed from 1928 to 1932, inclusive, and it was also 
used in the two 4-in. open joints installed in the Armington Experimental 
Road. Throughout the United States, however, a wide variety of these ma- 
terials has been used, depending somewhat upon climatic conditions. 

In many states considerable use has been made of bituminous mixtures, 
which consist of asphalt or tar mixed with sand, lime, sawdust, cottonseed 
hulls, peanut shells, cotton waste, and similar materials. In many cases it 
would appear that the use of these materials has been based on the desire to 
consume the by-products of some industry or some material of which there 


is an overabundance in the state. Illinois has had little or no experience with 
the use of bituminous mixtures. 
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(2) Rupper Mixtures. In recent years a great deal of promotional work 
has been done in connection with fillers made from rubber. These generally 
consist of latex rubber or emulsified rubber mixed with various inert materials 
such as vermiculite, granulated cork, and fuller’s earth. Use has also been 
made of mixtures of latex and bituminous materials. Some states also use 
mixtures of rubber and synthetic resins. Except for a slight amount of experi- 
mental work, these materials have not been used in Illinois. 


(4) Preformed Joint Fillers 


Preformed fillers have been widely used throughout the United 
States. This type of joint filler consists of an extruded or formed 
board which can be cut to the form and dimensions of the pavement 
cross section. Such fillers are made from felt and bituminous materials, 
vegetable fibers, cork, rubber, and wood. 

(1) Brrumrnous Premoupep Fiuuers. The earliest form of bituminous 
premolded joint fillers, which consisted of a mixture of bitumen, felt, and 
mineral, was not satisfactory because it was difficult to handle during hot 
weather. The fault was soon corrected by the addition of a layer of felt on 
each side of the joint. This so-called sandwich joint has had wide usage 
throughout the United States and is the only type of bituminous premolded 
joint filler that has been used in Illinois to any extent. All the bituminous 
premolded joints covered by the investigations reported herein were of the 
sandwich type. Another type which has had some use in this country is one 
which is similar to the bituminous and felt joint, having vegetable fibers in 
place of the felt. 

(2) Fiser-Boarp Fiuuers. In recent years joints made from vegetable 
fiber boards have been widely accepted. This material, similar to the insu- 
lating boards used as sheathing in house construction, is used both plain and 
impregnated with an asphaltic oil. Since the beginning of 1938 the impreg- 
nated type has been used almost exclusively in pavements constructed under 
the direction of the Illinois Division of Highways. 

(3) MiscetLANEous Prerormep Jorn’ Fiuiers. In this category may be 
included boards made from granulated cork with resin or rubber as a binder, 
fillers formed from sponge-rubber and other rubber materials, and joints made 
from wood. Cork, rubber, and cork-rubber preformed joint fillers are admitted 
as alternates for the premolded bituminous fiber joint under the Ilinois 
specifications, but have not been used to any extent. Preformed sponge-rubber 
joints were installed in the Armington Experimental Road. 

Wood joints are made from various woods, the variety depending some- 
what upon availability in any particular section of the country. The wood is 
used either untreated or, in localities which may be subject to wood-boring 
insects, it is treated. Wood joints have not been used in Illinois except for a 
few installations in the Armington Experimental Road. 
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A number of 1-in. open joints and fiber expansion joints in the Armington 
Road were fitted with a preformed rubber seal—a tubular strip of molded 
rubber which is molded into the bottom of the slab and driven into the top 
and ends of the joint opening with a mallet or hammer after the concrete has 
set. The seal is made wider than the joint opening so that it is compressed 
when inserted in the joint. The pressure of the compressed seal against the 
sides of the opening, intended to keep the seal from being dislodged from 
the joint, is further aided by longitudinal grooves in the contact surfaces of the 
seal which increase the mechanical friction. 

(4) J-11 Non-rxtrupinec Brruminovus Jornr. This joint consisted of a 
bituminous premolded filler, supported on each side by sheet steel plates 
formed with two channel-shaped horizontal extrusion chambers into which the 
joint material may extrude when compression occurs. The thickness of the 
filler was reduced at the extrusion chambers to provide additional space into 
which the material might extrude. It was claimed that this construction would 
eliminate the excessive extrusion at the top which is characteristic of the 
ordinary bituminous premolded joint. Holes were punched through the plates 
and joint material to accommodate load transmission devices. A short section 
of this joint is shown in Fig. 22, and Fig. 23 gives the details of its construction. 
This joint was not tested by the Division of Highways, but it was included in 
the program of tests conducted by the University of Illinois and installed in 
the Armington Experimental Road. 

(5) Sawep Jornts. This type of joint is made by cutting a section of the 
concrete from the pavement slab by means of an abrasive cutting wheel. 
Experimental work on equipment for cutting joints has been conducted at the 
University of Illinois under the direction of Professors Huntington and Cran- 
dell. Their work is discussed in detail later in this bulletin (see page 244). 


8. Load Transmission Devices.— Many highway engineers have 
long been of the opinion that some means had to be provided for 
strengthening the transverse edges formed by expansion or contraction 
joints, and for reducing the relative deflections which occurred when 
heavy wheel loads passed from one slab to another separated by a 
free joint. Many different kinds and types of load transmission devices 
have been developed. The devices submitted for approval in Illinois, 
those tested by the University of Illinois, and those installed in the 
Armington Experimental Road are described below: 


(a) Plain Dowel 


The plain dowel consists of a round steel dowel, usually 34 in. in 
diameter and 24 in. long, spaced at various intervals across the pave- 
ment, but usually 12 to 15 in. center to center. The dowel bar extends 
across the joint and is embedded in the concrete on both sides. One end 
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of the bar is coated with grease and provided with a short sheet metal 
expansion sleeve to break the bond between the bar and the concrete 
and to provide room for movement at the end of the bar, thus per- 
mitting the joint to open and close without excessive stresses being set 
up in the concrete. The dowel bars used in Illinois, 34 in. in diameter 
and 24 in. long, are held in position and proper alignment by means 
of metal supports driven in the subgrade and by 14-in. round deformed 
spacer bars wired to the dowels. The use of special installation devices 
which have been developed by various manufacturers is also permitted. 
The 34-in. dowel bar, 24 in. in length, was included in the program of 
tests at the University of Illinois, and was also used in conjunction 
with several joints installed in the Armington Experimental Road. 


(b) L-1 Load Transmission Device 


This device, commonly referred to in Illinois as the wing anchor 
load transmission device, consisted essentially of a short round steel 
dowel enclosed in sockets or sleeves made from malleable cast iron. 
The name “wing anchor” was derived from the wings cast on the end 
of the sockets to provide anchorage in the concrete. The sockets were 
machined to fit the dowel within a close tolerance. Figure 2 is a 
photograph showing a wing anchor device assembled on a J-1 ex- 
pansion joint, and Fig. 27 is a drawing of the unit. This device, ap- 
proved for use in Illinois in 1935, was included in the program of tests 
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at the University of Illinois and used in conjunction with several 
joints installed in the Armington Experimental Road. 


(c) L-2 Load Transmission Device 


The L-2 load transmission device consisted essentially of sections 
of structural steel angle approximately 12 in. long and a sheet steel 
base sleeve. Each section of angle had three lugs cut and formed from 
its vertical leg so that they extended perpendicularly from that leg 
to provide anchorage in the concrete. The angles were placed end to 
end in the base sleeve with the horizontal legs extending alternately 
in opposite directions. Either an air-chamber expansion joint, a pre- 
molded expansion joint, or a metal contraction joint can be placed 
between the vertical legs of the angles, thus making the load trans- 
mission feature a more or less integral part of the joint. When installed 
in a pavement, alternate angles are anchored in the concrete on op- 
posite sides of the joint and the horizontal leg of each angle extends 
across the joint, supporting the edge of the opposite slab. 

The L-2 device was approved for use in Illinois in July, 1934. Its 
use in conjunction with J-2 joints was suspended in 1935 when ap- 
proval of this Joint was withdrawn. Later it was approved for use 
with the preformed joints adopted in 1938. Figure 4 shows a short sec- 
tion of a J-2 expansion joint with the L-2 device, while Fig. 5 shows 
the details of design of the J-2 expansion joint. The L-2 load trans- 
mission device was included in the program of tests at the University 
of Illinois and installed in the Armington Experimental Road. 
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(d) L-3 Load Transmission Device 


This load transmission device (Figs. 28 and 29) consisted of a 
series of modified L-2 angles supported on a sheet steel base plate 
extending the full length of the joint. Each unit consisted of two 
2/-n. x 2%-in. x ¥-in. structural steel angles, 24% in. in length, 
placed end to end, but on opposite sides of the joint in such a manner 
that the horizontal leg of each angle passed through a recess cut in 
the joint filler next to the base plate, thus spanning the joint formed 
by the filler. The vertical leg of each angle was provided with a two- 
pronged, hot-rolled steel rod welded thereto for anchoring the unit in 
the concrete. The horizontal leg of each angle was enclosed in a sheet 
steel sleeve, fastened to the base plate, which provided the expansion 
space needed when the joint closed. This device was submitted for 
approval in connection with the use of preformed joints, but was not 
approved for use in Illinois. 


(e) L-4 Load Transmission Device 


This device consisted essentially of a short, cold-rolled steel dowel 
34 in. in diameter and 414 in. long, the ends of which were enclosed in 
sockets made from gray cast iron, machined to fit the dowels to a 
close tolerance. A particular feature of this unit was the leg cast 
integrally with the socket, which extended outward from the Joint and 
downward to the subgrade to serve as a support for the joint with 
which the device was used. Figure 12 shows a J-6 expansion joint with 
this load transmission device in place, and Fig. 13 shows the J-6 
expansion joint equipped with the L-4 load transmission device. This 
device, tested by the Illinois Division of Highways but not approved 
for use, was included in the program of tests conducted by the Uni- 
versity of Illinois and installed in the Armington Experimental Road. 


(f) L-5 Load Transmission Device 


This load transmission device consisted of two rectangular steel 
dowels, 1 in. x % in., overlapping each other and inserted into two 
formed sheet steel sockets, one dowel being attached to each socket in 
such a manner that expansion and contraction of the pavement caused 
each dowel to slide against the other, in and out of the socket to which 
the other was attached. Each socket was attached to a sheet steel stool 
of sufficient height to hold the dowels at the proper distance above 
the subgrade. The joint or joint filler was inserted between and fas- 
tened to the sheet metal stools, the dowels passing through a hole in 
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the joint or joint filler. Figure 6 is a photograph showing the device 
assembled on a metal joint, and Fig. 30 is a drawing of it. This device, 
tested by the Illinois Division of Highways but not approved for use, 
was included in the program of tests at the University of Illinois and 
installed in the Armington Experimental Road. 


(g) L-6 Load Transmission Device 


This device, an integral part of the J-10 expansion joint, consisted 
of a flat steel bar placed in a horizontal plane at the mid-depth of the 
slab so that it spanned the joint and extended into the concrete on 
each side. The bar, extending the full length of the joint, was enclosed 
in sleeves formed from No. 14 gage steel which also served as side walls 
for the expansion joint. Space was provided between the ends of the 
sleeves and the edges of the bar to permit movement of the slab 
during periods of expansion of the concrete. Lugs were punched out of 
the metal side plates at intervals to anchor the side plates to the con- 
crete. A J-10 expansion joint with the L-6 load transmission device 
is shown in Fig. 20, while Fig. 21 shows a cross section of the joint. 
The plate dowel in the joints tested by the Division of Highways was 
of various sizes; in those tested in the laboratory at the University of 
Illinois it was 14% in. x %4¢ in. The joints installed in the Armington 
Experimental Road had a plate dowel 2% in. x 14 in. 

The Division of Highways also tested a later design (Fig. 31) in 
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which the plate dowel was omitted, the horizontal members of the 
side walls being fitted tightly together to provide load transfer. 


(h) L-7 Load Transmission Device 


This device consisted of a 34-in. cold-finished, round dowel, 4% in. 
long, the ends of which were enclosed in malleable cast iron sockets or 
sleeves. Each sleeve was 244 in. in overall length, providing space 
beyond the end of the dowel to permit movement during periods of 
expansion of the concrete. At the extreme end each sleeve was provided 
with a flange which served to anchor the device in the concrete. The 
end of the sleeve next to the joint was provided with a flange having 
projections 14 in. thick, extending horizontally to each side for a dis- 
tance of 4, in., the purpose of which was to provide increased bearing 
of the sleeve on the concrete next to the joint. The lower side of the 
flange was carried down to the bottom of the joint and terminated in 
a foot which extended perpendicularly from the joint and horizontally 
along the subgrade. 

The design of the L-7 device is shown in Figs. 32 and 33. Tested 
by the Llinois Division of Highways but not approved for use, it was 
not included in the program of tests conducted by the University of 
Illinois but was installed in one joint in the Armington Experimental 
Road. 


Fress Fit (| Gores. 


if Socrer 
try 


| ¢ Svubgrade 


Fic. 35. L-8 Loap TRANSMISSION DeEvICcE 


(i) L-8 Load Transmission Device 


This device (Figs. 34 and 35) consisted of a 34-1n. cold-finished, 
round dowel 9 in. in length, bonded in the concrete on one side of the 
joint and greased and provided with an expansion socket on the other 
side. At each of the faces of the joint the bar passed through a 34 ¢-in. 
steel plate, the bar being welded or otherwise securely fastened to one 
plate and free to move in the other. The plates were bent in the form 
of angles and so arranged that the horizontal leg of each angle passed 
under the joint filler and extended under the adjacent concrete slab, 
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one half of the leg being removed from each angle to permit this. Two 
lugs cut from the vertical leg of each angle and bent outward served 
to anchor the device in the concrete. Sheet steel caps were placed on 
the ends of the horizontal legs to provide for movement of the slab 
during periods of expansion. 

The L-8 device was tested by the Division of Highways but was 
not approved for use. It was not included in the program of tests at 
the University of Illinois nor installed in the Armington Experimental 
Road. 


(j) L-9 Load Transmission Device 


This device consisted of a cold-finished, round steel bar, a sleeve 
made from galvanized steel, and two flanged stress reducers formed 
from mild steel plate. The steel bar was 34 in. in diameter and 6 in. 
long. The sleeve, made from No. 22 gage sheet steel and rolled tightly 
around the bar, was 74% in. long and had metal thimbles or stops 
soldered in its ends. Small indentations in the sleeve held the bar 
centered so that there was approximately % in. of free space between 
each end of the bar and the stops. The sleeve was weakened at the 
center by five slots cut out of the metal. The stress reducers were made 
from 1-in. steel plate in two halves riveted together. When the halves 
were assembled they formed a tube 2 in. long with diametrically 
opposed flanges extending outward %¢6 in., whose inside diameter was 
such that it fitted tightly over the sleeve enclosed bar. It was the 
purpose of the reducer to increase the effective area through which 
the pressure imposed on the bar by loads was distributed to the 
concrete. When completely assembled the two stress reducers were 
centrally located on the bar, one on each side and in contact with the 
expansion joint or expansion joint material. Sheet steel chairs were 
provided to help support the joint and hold the bar in alignment. 

The design of the L-9 device is shown in Figs. 36 and 37. Tested 
by the Illinois Division of Highways but not approved for use, it was 
not included in the program of tests conducted by the University of 
Illinois nor installed in the Armington Experimental Road. 


(k) L-10 Load Transmission Device 


The L-10 load transmission device consisted of a %4-in. cold- 
finished, round steel dowel 5 in. in length, enclosed in sleeves or 
sockets of welded steel construction. Each sleeve was provided with a 
flange adjacent to the joint to increase the bearing on the concrete, 
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Fics. 39 anp 40. L-11 Loap Transmission Device 


and with projections extending from the flange above and below the 
sleeve to provide anchorage in the concrete. Space was provided be- 
tween the dowel and the end of each sleeve to permit movement of 
the concrete during periods of expansion. 

Figure 14 shows L-10 load transmission devices assembled on a 
metal expansion joint, while Fig. 38 is a drawing of the device. It was 
tested by the Division of Highways but not approved for use, and was 
included in the program of tests conducted by the University of Illi- 
nois and used in conjunction with the J-7 joint installed in the 
Armington Experimental Road. 
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(1) L-11 Load Transmission Device 


This device, shown in Figs. 39 and 40, was similar in all respects to 
the L-10 device except that the sleeves or sockets were made from 
malleable cast iron. It was tested by the Illinois Division of Highways 
but not approved for use, was included in the program of tests con- 
ducted by the University of Illinois, and was used in conjunction with 
several joints installed in the Armington Experimental Road. 


(m) L-12 Load Transmission Device 


This device was very similar to the standard wing anchor device, 
L-1. Perhaps the greatest difference between the two was that the 
sockets of the L-12 were cored all the way through and the opening 
at the end closed with a plug, whereas the sockets for the standard 
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Fig. 42. L-12 Loap Transmission Device 
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wing anchor device were made in one piece. There were some minor 
differences between the two devices in the shape of the sockets and 
wings which, however, would not be expected to affect the load trans- 
mission properties substantially. The design of the L-12 device is 
shown in Figs. 41 and 42. It was tested by the Lllinois Division of 
Highways, but was not included in the series of tests conducted by the 


University of Illinois nor installed in the Armington Experimental 
Road. 


S (n) L-13 Load Transmission Device 


This load transmission device was an integral feature of the J-9 
expansion joint described on page 36. The L-13 device was not tested 
by the Illinois Division of Highways, but it was included in the pro- 
gram of tests conducted by the University of Illinois and was installed 
in the Armington Experimental Road. 

The 1-in. round dowel was understood to be the standard design, 
but the manufacturer also submitted to the University samples 
equipped with oval dowels made from steel tubing with 0.15-in. wall 
thickness whose outside dimensions were 1 in. and 1%4 in. The dowels 
were available in different lengths. The specimens tested at the Uni- 
versity included dowels 17 in., 19 in., and 21 in. long. 


(o) L-14 Load Transmission Device 


Figure 43 shows a joint in place on the subgrade, while Fig. 44 is 
a modified design of this load transmission system. In this design, 
34-in. round rods support the dowels instead of the flat plate and 
angle described on page 54. This load transmission assembly was not 
tested by the Illinois Division of Highways nor by the University of 
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Illinois. It was installed in the Armington Experimental Road in con- 
junction with premolded fiber expansion joints. aa 
This load transmission system was an assembled unit consisting 
of pressed steel dowels held in proper position and alignment by spacer 
members welded to the dowels. The dowel, of tubular construction, 
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essentially triangular in cross section, was made from %-in. sheet 
steel. The dowels were 10 in. long, welded at regular intervals to a 
flat steel base plate which extended the full width of the pavement. 
The dowels were further supported by means of a small angle welded 
to their tops and extending the full length of the joint. This angle 
served also to support the joint filler which was notched to fit the 
dowels. One end of each dowel was provided with a pressed steel cap 
to allow for movement during periods of expansion of the concrete. 


(p) L-15 Load Transmission Device 


This device consisted of a No. 14 U. S. S. gage black steel plate 
extending the full width of the pavement and anchored in the concrete 
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on each side of the joint by means of lugs pressed out of the plate. 
One row of lugs was located near the top of the plate, extending 
downward at an angle of 45 deg. Another row, located near the 
bottom of the plate, extended outward from the other side of the plate 
and upward at the same angle. The lugs were flanged over at the ends 
to provide better anchorage in the concrete. A 34-in. hot-rolled, tri- 
angular bar was spot welded to each row of lugs at the junction of the 
side plate and lugs. Movements at the joint are taken care of by means 
of flexure in the vertical plate and bending of the lugs. When used 
as an expansion Joint, pieces of fiber joint material 14 in. thick are 
cemented to each side of the plate. 


Fic. 45. L-15 Loap Transmission SysTEM 


This L-15 device provides for very limited movements and is 
intended to be used at rather close intervals of from 12 to 15 ft. Shear 
is transmitted through the lugs which anchor the plate into the con- 
crete. A short section of this device arranged as an expansion joint is 
shown in Fig. 45; Fig. 46 is a drawing of the device. Not tested by the 
Illinois Division of Highways, the L-15 was included in the program 
of tests conducted by the University of Illinois but was not installed 
in the Armington Experimental Road. 
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(q) L-16 Load Transmission Device 


This dowel, commonly known as the spade dowel, was a malleable 
iron casting having a circular projection which extended into the con- 
crete on one side of the joint and a triangular shaped spade and shoe 
which extended downward to the bottom of the slab, across the joint, 
and under the slab on the other side. These units were used in pairs, 
being placed side by side, one on each side of the joint. Through this 
arrangement a load on either side of the joint is partially transmitted 
to the adjacent slab through the shoe that extends under the loaded 
slab. This device may be used in conjunction with one of the various 
types of preformed joint filler. 

Figure 47 shows a pair of L-16 dowels and Fig. 48 gives the details 
of design. The L-16 device was not tested by the Illinois Division of 
Highways. It was included in the program of tests conducted by the 
University of Illinois, but was not installed in the Armington Experi- 
mental Road. 


Fic. 47. L-16 Loap Transmission Device 
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(r) L-17 Load Transmission Device 


This device consisted of two identical pieces made from 34 ¢-in. low 
carbon steel plate cut and bent to form a horizontal supporting foot, a 
vertical wall which extended from the bottom of the slab up the face 
of the joint to the mid-depth of the slab, and a flat dowel which 
extended horizontally into the concrete (Figs. 49 and 50). The sup- 
porting foot was 2%4 in. wide and 21%4¢ in. long. The width of the 
vertical wall was 41% in. and its height varied with the thickness of 
the pavement in which it was used; in the units submitted for these 
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tests, this dimension was approximately 3% in., the device being de- 
signed for a 7-in. pavement. The flat dowel was 34 in. thick, 1 in. 
wide, and 4134, in. long. Lugs approximately 1 in. wide and 244 in. 
long, cut from the vertical wall to provide anchorage in the concrete, 
were bent out so as to extend in the opposite direction from the 
supporting foot and dowel. 


Fie. 50. L-17 Loap TRANSMISSION DEVICE 


The component pieces of the device were placed one on each side 
of the joint filler so that the lugs on each piece extended into the 
concrete on that side of the joint, the supporting foot passing across 
the joint and under the opposite slab, and the dowel passing through 
the filler and into the concrete of the opposite slab. The foot and 
dowel on each piece were cut so that when the device was assembled 
they lay side by side with just enough clearance to prevent binding. 
When used with a 34-in. joint, the supporting feet extended under the 
slab a distance of 2 in., and the length of dowel embedment was about 
4 in. Folded sheet steel sleeves were placed over the ends of the sup- 
porting feet and the dowels to provide for the movement which takes 
place when the concrete expands. The dowels were greased to break 
the bond and reduce resistance to movement. 
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III. Lasoratrory Trusts 


9. University of Illinois Tests. — In May, 1937, a committee from 
the engineering staff of the University of Illinois was requested by the 
governor of Illinois to make an investigation and report on the status 
of expansion joints used and proposed for use in state highways. As a 
part of this investigation a series of laboratory tests was planned and 
meetings were held with representatives of the manufacturers of joints 
and joint materials, who later furnished samples of their respective 
types of expansion joints and materials and requested their inclusion 
in the tests. Some of the joints submitted had never been installed in 
Illinois pavements, while others were in use under the specifications 
of the Division of Highways then current. Tests on 12 types of joints 
were made during the summer of 1937; later three more joints were 
submitted which were tested late in 1937. 


(a) Object of Tests and Description of Joints Tested 


Laboratory tests are useful when they indicate the properties of 
material and its probable behavior under service conditions. It is 
evident that the primary object of the use of expansion joints is to 
provide for expansion and contraction of the concrete pavement in 
order to avoid blowups due to compressive forces and transverse 
cracking, with the resulting faulting of adjacent sections and general 
roughness of the road surface. 

The joints tested included both the air-chamber and the preformed 
filler types. Both were intended to allow space for the expansion of the 
concrete due to temperature and moisture changes, and for the gradual 
growth of the pavement due to the opening and incomplete closing of 
transverse cracks. The air-chamber joint consisted of a sheet steel box 
offering negligible resistance to closing, while the preformed filler 
offered increasing resistance to closing, withstood compression to about 
half its original thickness, and exhibited a partial recovery in thickness 
when pressure was removed. 

A feature of most of the joints was a load transmission device, 
which transmitted shears due to traffic loads across the joint. An effec- 
tive load transmission device should not only produce a smooth align- 
ment of pavement surfaces at the joint, but also reduce the stresses 
in the pavement due to the applied loads. 

Fourteen joints or partial joint assemblies, including ten different 
load transmission devices, were tested. The joints and load transmis- 
sion devices are described in detail in Chapter II, Sections 7 and 8, 


pages 29-58. 


60. ILLINOIS ENGINEERING EXPERIMENT STATION 


(b) Outline of Laboratory Tests 


When the laboratory tests were planned, it appeared that infor- 
mation was desirable on (a) the ability of the joints to permit frequent 
opening and closing; (b) the effectiveness and durability of seals used 
to exclude dirt, sand, gravel, and foreign matter which might prevent 
the effective closure of the joint; (c) the ease of installation of such 
joints and their effect upon the quality of the concrete placed around 
and against the joint; and (d) the effectiveness of the load trans- 
mission devices which were submitted with most of the Joints. 

It is likely that laboratory test specimens will always be made 
under more favorable conditions of fabrication, molding, and curing 
than actual pavements; furthermore, the tests will not duplicate the 
varied and destructive actions of traffic and weather found in service. 
At best, the laboratory tests can determine only the relative behavior 
of a group of joints under conditions that can be reproduced with a 
fair degree of uniformity. 

The principal objectives of the tests conducted during these inves- 
tigations were (a) the determination of the strength and stiffness of 
the load transmission device; (b) a study of the effectiveness of an- 
chorage of the copper seal; (c) a study of the resistance of the copper 
seal to fatigue, when the joint was opened and closed a large number 
of times; (d) a study of the stability and tightness of the joint when 
subjected to vibration and pressure from the fresh concrete as it was 
placed and compacted in the form; and (e) tests of the compressibility 
of the various preformed fillers used in joints, as well as of the 
tendency for localized compressive failure of the concrete surrounding 
the joint when the joint was closed and subjected to compressive forces. 


(c) Materials and Making of Test Specimens 


Nearly all of the tests made required the embedment of lengths of 
the expansion joint in a section of concrete slab, in order that the 
joint might be subjected to various loads and displacements compa- 
rable to those occurring in service. The concrete mixtures used in the 
various tests are indicated in Table 3, which also lists the compressive 
strengths of control cylinders made for the respective test specimens. 

The opening-closing tests and collapsing studies of joints were 
made at the Springfield laboratory of the Illinois Division of Highways 
because special equipment was available there for that purpose. The 
materials used there were those in general use in the laboratory for 
Class A highway concrete. The materials used at the University were 
a standard portland cement, Wabash River torpedo sand, and 1¥4-in. 
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TABLE 3 
CoMPRESSIVE STRENGTH OF ConcRETE Usep In Test Specimens! 
(University of Illinois Tests) 
Copper Seal Opening- Compression 
Load Transfer Test Pull-out Test Closing Test Test 
Num- | Strength | Num- | Strength | Num- | Strength | Num- | Strength 
ber jatl4days,| ber |at1l4days,| ber |at7 days, ber |jat14days, 
Ref. symbol of lb. per of lb. per of lb. per of lb. per 
cyls sq. in. eyls sq. in. cyls sq. in. cyls sq. in. 
- Tests oF CoMPLETE JOINTS 
J-1 9 4,050 6 4,140 6 4,38 2 4,180 
J-4 12 3,980 9 3,820 6 4,320 4 4,000 
J-5 10 4,110 8 3,890 6 4,350 2 4,030 
J-6 10 4,070 8 4,270 6 4,110 3 4,280 
J-7 13 4,140 3 4,410 6 4,230 6 3,920 
J-2 13 4,040 9 3,690 6 4,530 4 4,000 
J-3 14 4,080 3 3,830 6 5,040 6 4,100 
J-10 10 4,130 7 3,920 6 4,800 5 4,090 
J-8 10 4,410 a 4,230 6 4,470 i) 4,010 
J-9 14 3,910 6 3,830 6 4,190 5 4,000 
Average 4,090 4,000 4,440 4,090 
MIscELLANEOUsS TESTS 
Ovjalpip erases scree 9 4,190 
Bed Leora Sastre we 18 4,050 
No load transmission 
MEVICEL SoS: Geet cusses vi 4,580 
No load transmission 
GE VICEr ge rnstdec: ners 6 4,070 
Wire mesh: 25 364 cen 6 3,790 
PRS (tens). 5 os. oe 3 3,510 3 3,465 
it 5k (GOMPps) eran sneer 3 3,550 
1 DAG ait eee senate te 3 3,660 
AjSI Whos abs eatoene mme e anne 3 3,845 
Data Reearpinc Mrxtures 
Proportioning by 
WISHES phen ace aies 1:3:5 1:3:5 1:19:38. 1 1:3:5 
Average slump, in..... 2.0 2.0 1.9 2.0 


1Compressive strengths from tests of standard 6 in. x 12 in. cylinders. 


gravel. In all cases, the concrete was batch-mixed, placed in wooden 
forms and compacted and worked into contact with the copper seals, 
dowels, anchors, and other projecting parts by spading and vibration. 
A surface vibrator was used at the Springfield laboratory, an internal 
vibrator at the University. 

After the slabs were cast, they were cured under wet burlap (the 
14-day slabs for seven days, the 7-day slabs for six days); then the 
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Fig. 51. Suan anp Testrinac Apparatus, Loap TRANSFER TESTS. 
(a) MetHop or SUPPORTING AND LOADING THE SLAB 


burlap was removed and the slabs were allowed to dry in the air of 
the laboratory until they were tested. 


(d) Load Transmission Test 


(1) Test ARRANGEMENT AND Procepure. The load transmission test was 
planned to study the effectiveness of dowels or other units in transferring load 
across an expansion joint. For this purpose the test specimen consisted of 
three slabs 7 in. thick, 2 ft. wide and about 16 in. long, connected by two ex- 
pansion joints shown’in Fig. 5la. The manufacturers were requested to sub- 
mit joints %4 in. wide, but in some cases other widths were substituted. The test 
specimen was placed in the testing machine with the two end slabs uniformly 
supported and firmly anchored to the heavy cast steel table of the machine. 
To produce uniform distribution, load was applied to the middle slab through 
a spherical bearing block and heavy distributing plates. The arrangement 
was such as to minimize bending moment across the joint. 

Deflections across each joint were measured at two sections, 13% in. 
apart and above the dowels, by means of Ames 0.001-in. micrometer dials 
attached to a bridge which was supported independently of the slab. The 
deflection was taken as the difference in vertical movement at opposite sides 
of the joint. Figure 51b shows the test setup, including the dial arrangement. 


BUL. 365. JOINTS IN CONCRETE PAVEMENTS 63 


Fic. 51. Stas anp Trestinc Apparatus, Loap TraNsrer TESTS. 
(b) SHow1ne Dia Set-Up ror Mrasurinc DEFLECTIONS 


In general, five specimens were made for each type of joint or load trans- 
mission device tested. In testing two of these specimens, starting with the 
deflection dials set at zero, loads of increasing magnitudes were applied, be- 
ginning with 2,000 lb. and increasing by 2,000-lb. increments. Each load was 
applied and released three times before the specimen was subjected to the 
next higher load. Careful measurements were made each time a load was 
applied and released, in order to determine the deflection under load and the 
residual deflection or permanent set after the load was removed. The averages 
of the three readings of deflection and permanent set were used in plotting 
lead deflection and permanent set curves for the joint or device. In testing 
the other three specimens, the load was applied in 1,000-lb. increments, 
beginning with 1,000 Ib. The loads were applied and released only once before 
the next higher one was applied. It is believed that this method gave results 
equally as reliable as the method used to test the first specimens. 

Eight specimens containing the L-15 load transmission device were in- 
cluded in this program. In four of the specimens, the joints were arranged so 
that the load produced tension in the load transmission plate of the joimt; in 
the remaining four specimens, so that compression was produced in this mem- 
ber. Before applying the load, each joint was opened ¥% in. to break the bond 
and produce conditions similar to those which would prevail in service. 
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TABLE 4 


Maximum Loaps Carriep By LoAD TRANSMISSION TEST SPECIMENS! 
(University of Illinois Tests) 


Foint Load, in lb., on Test Specimen No. Average 
Kind of Lod Width Load 
Transmission Device 
in 1 2 3 4 5 lb 
Le). 374 Sea tone aoe 34 48 ,000 47 ,000 48 ,800 51,200 49,100 48 ,820 
34-in. dowel, 24 in. lg.. 34 28,000 29,400 27 , 300 27 ,300 28,450 28,090 
NOE a ean eres wee oe 34 49 ,300 49 ,900 47 ,000 49,700 47 ,600 48,700 
La4 see earn eee ae 4 46,700 48,700 52,500 49 ,200 54,800 50,380 
DelO eee se tatns Gia eraiee 1 42,200 46,980 40,500 43,160 43 ,050 43,180 
EAD ok Baayen. teancdeanen snap eedn ete 1 16,000 15,600 16,000 17,200 17 ,000 16,360 
bs ese ec aOR es COS Sais fo 1 36,150 34,320 35,160 33 ,670 33,200 34,500 
L-6 (%6 in. x 14%-in. plate) i 22,500 22,000 20,5002 22,5002 22,000 21,900 
34-in. dowel, 24 in. Ig..... 34 31,600 30,200 28,300 30,000 33,350 30,690 
1-in. dowel, 17 in. lg...... 34 47 ,500 53,300 50,000 51,600 56,200 51,720 
Ovalipipes woe oat 34 53,740 50,250 48900) “|! Wace col eens 50,969 
Lad Ieee ketene veaittess 34 76,5003 | 77,0003 | 32,000 42,600 34,000 36 , 2002 
[-15 (tension)! 2.007 «oe ne % 24,000 18,500 27 ,900 25,400 >| eenieae 23,450 
L-15)(Comps)i. a1 seni 3% 13,300 15,000 21,400 18600 ja dee = 17,075 
Tye Gis Atentrosthecgcanene ara bs 84 67,200 66,400 67, LOOM oes Raia il) sce aeenene ss 66,900 
None Soest ace eee (4) 85,550 935.100" it azcic Pele seetertetal ee eeeeeere 89,320 
Non@sanieiccdecie on Soe (4) 95,700 46 ,600 69, 200 Coe ne eon eeeeeteee 70,670 
Wire ameshy sneer ne cen (4) 1105700) 15128530074) 10654006 eye ener 115,130 


1 Where load transmission devices were of the dowel type, there were four in each specimen. 

2 Load increased beyond this due to wedging of middle slab against end slabs, but this is con- 
sidered the maximum load under normal conditions. 

3 Omitted from average (see detailed notes regarding test). 

4 Narrow transverse crack. 


Tests were made on three specimens containing the L-16 load transmission 
device, which can transmit shear in one direction only; in practice it is 
used in pairs. In these tests, however, the four dowels in each specimen were 
all placed so as to develop their full effectiveness. 


(2) Dara rrom Loap Transmission Tests. A summary of the maximum 
loads carried by the various types of joints is given in Table 4. It will be noted 
that the width across the joints varied, a factor which undoubtedly had a 
very great effect on the load carried. Thus, if the bending strength of the 
dowel governed the failure, the strength of the joint should have varied 
inversely as the width of opening spanned by the dowel. Several of the joints 
did not meet the Illinois specifications, which prescribed air-chamber joints 
and a clear opening in the joint of % in. 

A detailed statement as to the manner of failure of each slab and sketches 
showing the location of cracks are on file with the original test data. Typical 
failures of some of the slabs are shown in Fig. 52. A few notes regarding the 
manner of failure of the test slabs are given below. The slabs are identified 
by the type of load transmission device used. 


Conventional Dowel with J-4 Expansion Joint. These joints were equipped 
with conventional 34-in. round dowels, 24 in. long. The specimens failed by diag- 
onal fractures of the upper corners of the middle slab next to the joint and above 
the copper seal, and the lower corners of the outer slabs. Bending of dowels and 
crushing of concrete were also noted. 
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Conventional Dowel with J-8 Expansion Joint. This joint was equipped with 
34-in. round dowels, 24 in. long. In the tests of these specimens there was little 
cracking until the maximum load was approached. Generally, failure was due to 
bending of the dowels and crushing and breaking of concrete beneath the dowels 
in the end slabs. 

L-1 with J-1 Expansion Joint. There were few cracks in these slabs until 
the maximum load was approached. The specimens failed generally through 
horizontal splitting of an end slab and cracking through to the top because of the 
prying effect of the load transmission device. Frequently a corner or portion of 
the slab adjoining the joint was split off. 

L-1 with J-§ Expansion Joint. The failure of these slabs was similar to that 
of the L-1 with J-1 expansion joint slabs. Cracking usually started in the plane 
of the load transmission devices or the copper seal. General cracking followed as 
failure was approached, principally in the region of load transmission devices, 
which in some cases seemed to split the slab in a horizontal plane. 

L-2 with J-2 Expansion Joint. This joint had shelf angles 12 in. long, with an 
outstanding leg of the angle projecting about 114 in. alternately to one side and 
the other of the joint. Thus in a 24-in. length of joint, only 12 in. of shelf 
angle was effective in a given direction. The joints used in the first two test slabs 
had the projecting angles diagonally opposite in the center slab. In the last three 
specimens the 12-in. angle supporting the center slab was placed on the centerline 
of the slab, and two 6-in. sections with outstanding legs under the end sections 
were placed at the sides, it being thought that with a symmetrical support the 
center section would be less likely to rotate, and the test might yield more 
accurate results. This arrangement, however, did not seem to produce results 
particularly different from the original one. 

In placing the slab in the testing machine, there seemed to be considerable 
play between the slab and the shelf angle. As the load approached the maximum, 
there was evidence of some twisting of the slab and of large deflection of the 
supporting flange of the angle. At failure the slab cracked through vertically 
behind the anchor lugs holding the angles. 

L-4 with J-6 Expansion Joint. The first cracks in the slabs occurred at about 
90 per cent of the maximum load, or roughly from 43,000 to 46,000 Ib. Cracking 
started near the copper seal or in the plane of the load transmission units, which 
were gray iron castings encasing %4-in. steel dowel pins. At failure, in some cases, 
the gray iron casting was broken in several pieces. The air chamber in this joint 
was only 1% in. wide; had it been %4 in., it is doubtful, in view of the failure of 
castings noted above, that such high loads would have been reached. 

L-5 with J-3 Expansion Joint. Few cracks developed in the test specimens 
until the maximum load was approached. The cracks generally ran from the 
dowel to the bottom of the supporting slab, breaking off the supporting corner 
of the end slab. Deflections were fairly large. 


L-6 with J-10 Expansion Joint. This joint employed a continuous plate 
dowel *4¢ in.x 1% in. In the tests of the specimens containing this device, rota- 
tion of the dowel plate exerted a splitting effect on the slabs, starting cracks 
which rapidly produced complete failure. The cracks ran to the top of the middle 
slab and the bottom of the end slabs, breaking off triangular sections the whole 


width of the slab. There was also evidence of twisting of the slab and unequal 
deflection across the slab width. 
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In two of these slabs, cracks developed and failure occurred at 20,500 and 
22,500 Ib., respectively. Then, due to wedging of the center slab against the two 
end ones, the specimens took more load, final failure occurring at 40,200 and 
39,000 Ib., respectively. It was believed, however, that this was not representative 
of actual conditions, where such accidental wedging could not maintain itself for 
any length of time. The initial failures were considered to be the actual failures 
of the Joints. 


L-10 with J-? Expansion Joint. The load transmission units consisted of 
steel assemblies encasing *4-in. steel dowel pins. Two features of this joint should 
be noted. The company stated that they unintentionally furnished the joints 
1 in. wide and dowel pins of rather soft screw stock. Both of these factors might 
be expected to result in low strength in this test. In the test, few cracks appeared 
until the load approached the maximum. The cracks started from the edge of the 
copper seal and extended both upward and downward. In some cases, the cracks 


extended behind the load transmission device, separating it from the remainder 
of the slab. 


L-11 with Wood Joint. The load transmission device used in these tests con- 
sisted of malleable castings encasing a 34-in. steel dowel pin. No joint was sup- 
plied with these dowel units, but they were mounted on a %4-in. pine board for 
the purpose of casting the concrete slabs. No copper seals were used in these 
specimens. The boards were left in place during the tests on the first two speci- 
mens. It was observed that with this practice additional shearing strength was 
developed because, under heavy loads, the end sections of the specimen rotated 
relative to the center section and pressed against the boards. In the first test, for 
example, although there was general cracking at a load of 38,000 to 39,000 lb. 
and the specimen yielded and cracked badly at 60,000 lb., the friction developed 
by the lateral pressure against the boards was sufficient to require a maximum 
load of 76,500 lb. for complete failure. The action of the other specimen tested 
under the same procedure was quite similar and the maximum load was 77,000 lb. 

The remaining three specimens were tested with the boards removed. There 
was little cracking of the concrete before the maximum load was reached. When 
cracks formed they allowed the embedded castings to crush and split the sur- 
rounding concrete, sometimes to the extent that the castings were broken entirely 
free of the concrete. The maximum loads at complete failure were 32,000, 42,600, 
and 34,000 lb., respectively, or an average of 36,200 lb. The wide difference 
between these results and those obtained from the first two specimens indicates 
the magnitude of the error introduced by leaving the boards in place. 

A sixth specimen, not included in Table 4, contained devices with pins made 
from higher strength steel. It was tested with the boards removed, failing simi- 
larly to the other specimens tested in that manner, but at a higher load, the 
maximum being 48,000 lb. 

J-9 Expansion Joint with Round Dowels. These joints were equipped with 
1-in. round dowels, 19 in. long. Failure evidently was due to crushing and splitting 
of the concrete under the dowels in the end slabs and above the dowels in the 
center slab. The latter was very noticeable, since cracks ran from joint to joint 
on the top of the center slab, parallel to the dowel bars. This is surprising, con- 
sidering that the stiff loading plate applied a uniform load over most of the 


middle slab. 
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J-9 Expansion Joint with Oval Dowels. The oval dowels were submitted as 
an alternate for the 1-in. round dowel, which was understood to be standard for 
the J-9 joint. The dowels, evidently made from tubing, were 1 in. x 1% in. outside, 
with walls 0.15 in. thick. They were used with the major diameter horizontal. 
Three specimens containing oval dowels 17, 19, and 21 in. long, respectively, were 
tested. Cracks developed as the ultimate load was approached, indicating crushing 
and splitting of concrete under and above dowels. 

L-15 with Premolded Joint. As noted before, half of these joints were tested 
with the central vertical plate of the joint in tension and half with the plate in 
compression. The tests showed that the plate would provide about 35 per cent 
more load transfer when under tension than when under compression. Since traffic 
loads would cause both types of stress, the minimum strength evidently repre- 
sents the usable strength of the joint. The joints were opened about 14 in. in 
these tests. If they were opened more, as might happen in service, the load 
transfer might be further reduced, due to the tendency of the vertical plate to 
buckle under compression. These joints generally failed by straightening of the 
anchor lugs and splitting off the edge of the supporting concrete slabs or of the 
central suspended slab. The average maximum loads with the plate in tension and 
in compression were 23,450 and 17,075 lb., respectively. 

L-16 with Premolded Joint. This device carried a very high load in the load 
transmission test. The average value of 66,900 lb. on four units, or 16,725 lb. per 
unit, was the highest found for any dowel unit and is about 2% times that de- 
veloped by the common %-in. round dowel bar. However, the device can transfer 
load in only one direction. It weighs 4.6 lb., as compared to 3.0 lb. for the %4-in. 
bar, 24 in. long, which can transfer load in either direction; on the basis of 
weight the load transfer of the conventional dowel is better than that of the 
L-16 device. 

The specimens failed by cracking and splitting of the supporting slabs, some 
distance away from the joint. All of the units were slightly bent at the maximum 
load, and in one case a unit broke in the bend of the flattened portion at the 
bottom edge of the supporting slab. 


Plain Concrete Slabs Initially Cracked. For comparison with the various 
types of mechanical load transmission devices, tests were made on plain concrete 
slabs to see what load could be carried by slabs initially cracked and then held 
in contact and loaded as the other test slabs were. Three plain slabs were made, 
23% in. wide and 7 in. deep. To aid in forming the crack, a groove about 4 in. 
deep was formed with an edging tool. The slabs were then cracked with this 
groove on the tension surface. One of the three broke so irregularly that it could 
not be tested. The other two were clamped together with the cracks opened only 
slightly. 

In the first test the initial cracks were very nearly vertical. The central slab 
was held quite firmly by the irregularities of the cracked surfaces, which formed 
the so-called “aggregate interlock.” Failure occurred by diagonal cracks develop- 
ing in the lower part of the supporting slabs, evidently due to diagonal tension, 
at a maximum load of 85,550 Ib. In the second test, the cracks were inclined 
about 1 in. to the vertical, in order to make the central slab wedge slightly, like 
a keystone. Failure was by diagonal tension in the lower part of the supporting 
slabs and one upper edge of the central slab, at a load of 93,100 lb. 
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Plain Concrete Slabs with 2-in. Dummy Joints. Three slabs, identical with 
the plain slabs described above but with a dummy joint at the regular joint 
position, were tested. The dummy joints, formed by use of a wood strip, were 
2 in. deep, 3 in. wide at the bottom, and ¥% in. wide at the top. They were placed 
in the upper 2 in. of the 7-in.x23%-in. slab. Before the slabs were tested to 
determine the shearing resistance of the joint, they were cracked and then 
clamped together with the cracks open about 4g in. 

The first specimen was cracked so as to produce some wedging effect when 
the central slab was loaded. The lower corners of the supporting slabs failed in 
diagonal tension at a load of 95,700 lb., which was relatively high. The second 
specimen was so cracked as to produce a non-wedging taper on one side of the 
central slab, and very large deflections resulted on this side. The maximum load 
of 46,000 lb. indicates the effect of an unfavorable direction of the initial cracks. 
The third specimen had initial cracks that were nearly vertical, but there 
seemed to be some pivoting about a diagonal axis. Failures similar to those in 
the first specimen occurred at a maximum load of 69,700 lb. 


Concrete Slabs with Dummy Joints and Wire Mesh Reinforcement. These 
three slabs had dummy joints like those described above, but in addition were 
reinforced with one layer of welded wire mesh having No. 4 wires at 6-in. spac- 
ing in the direction of the span and at 12-in. spacing in the lateral direction. 
This amount of mesh is equivalent to 44 lb. per 100 sq. ft. of pavement. The 
mesh was placed at the mid-depth of the 7-in. slab, and the dummy Joints 
extended 2 in. below the top surface. 

Care was taken, preliminary to the shearing test, to crack these Joints en- 
tirely through the section. However, when the load producing the crack was 
removed, the tension in the reinforcement acted to close the crack tightly, leaving 
only a hairline crack of perhaps 0.005 to 0.01 in. in width. This was evidently 
responsible for the high loads of 110,700, 128,300 and 106,400 lb. developed by 
the three slabs. 

Failure of these slabs was in general similar to that of the plain concrete 
slabs; i.e., due to diagonal tension and shear cracks in the lower part of the 
supporting slabs. The aggregate interlock at the original cracks seemed to be 
very effective. 


(3) Comparison or Resutts. Load transmission devices are generally 
considered to have two functions: (1) to keep slab edges in line and to pre- 
serve a smooth riding surface; and (2) to transfer a portion of a wheel load 
across a joint to the adjacent slab and thus reduce the stress in the slab.’ 
Since the vertical deflections of a road slab on ordinary subgrade are very 
small, it is evident that a load transmission device, to be effective, must be 
rigid and allow a minimum of play between its parts so that it will permit 
only a few thousandths of an inch differential deflection between the two slabs 
which it connects. 

Another feature to be considered in connection with load transmission 
device deflections and displacement is that whenever a wheel passes over a 
joint a reversal of shear occurs. Thus, as a wheel approaches the joint, the 


1See discussion on “Effect of Dowel-Bar Misalignment Across Concrete Pavement Joints,” 
by L. W. Teller, Proc. A.S.C.E., pp. 1632-4, October, 1937. 
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device transfers a portion of the load by a downward bearing on the adjacent 
slab. As the wheel passes to the adjacent slab, the shear in the device is 
reversed and the device lifts upward on the loaded slab. This reversal of stress 
and deflection means that a large amount of play in the device will do one 
of two things: (1) it may produce a hammering or impact effect tending to 
loosen the device, commonly known as funneling; or (2) if the movement is 
too large the device will be ineffective in transferring shear. Large differential 
deflections at a joint are perhaps responsible for much of the tearing of the 
copper seals in service. 

In analyzing the data obtained from the load transmission tests, average 
load deflection and permanent set curves were plotted for each test specimen, 
using the average of the deflections obtained at four points on the specimen, 
two on each joint. From the individual curves for each type of load trans- 
mission device or joint, a single composite curve was drawn. Composite curves 
for each type of load transmission device or joint are shown in Figs. 53 and 54. 
These figures show at a glance the relative stiffness of the various devices as 
tested. It should be noted, however, that since the joints were not all of equal 
width direct comparisons of these curves are misleading. 

The L-15 load transmission system was used in conjunction with a pre- 
molded filler % in. thick. J-8 and J-9 joints employed premolded fillers *%4 in. 
thick. The premolded filler in the J-10 joint was % in. thick. J-1, J-2, J-3, J-4, 
J-5, J-6, and J-7 were air-chamber joints. J-1, J-4, and J-5 were % in. wide; 
J-6 was % in. wide; and J-2, J-3, and J-7 were 1 in. wide. Also, J-2, J-3, and 
J-7 employed filler blocks or spacers of preformed fiber or bituminous joint 
material instead of metal spacers to prevent collapse of the side walls of the 
joints, and in this respect did not meet the 1937 specifications of the Illinois 
Division of Highways. Thus, it appears that only the J-1, J-4, and J-5 joints 
were designed to meet the Illinois specifications as to the following require- 
ments: (1) air-chamber type; (2) full %4-in. net expansion space. 

It should be noted that the J-6 joint was designed for installation every 
30 ft., instead of 90 ft. as specified. 

In choosing a criterion as to the amount of deflection that might be con- 
sidered excessive, it, is first necessary to know the probable load to be carried 
by a single dowel or unit. A study of the shears transferred across a multiple- 
dowel joint, with the loaded slab suspended between supporting slabs as in 
these tests, indicates that with the usual 13%4-in. dowel spacing about 25 per 
cent of a wheel load may be carried on a single dowel. With wider spacings 
the proportions may go to 35 or 40 per cent. If all slabs bear equally on a 
soil subgrade, it is obvious that the loads transmitted across the joint will not 
be more than one-half as great as in the case of the suspended slab. Hence, in 
a pavement the load carried by one dowel might be expected to be approxi- 
mately 13 to 20 per cent of the wheel load. For the standard H-20 loading, 
the load per rear wheel is 16,000 Ib. Using the average of the above range in 
percentages, 16 per cent of 16,000 lb. is 2,560 Ib., and if this is combined 
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with an overload factor of 2, the critical load per dowel is 5,120 lb., or in 
round numbers, 5,000 Ib. 

The deflection characteristics of the various devices tested are given in 
Table 5 for loads of 2,500 to 5,000 Ib. per device. Since the test slabs contained 
four dowels (or their equivalent, presumably), the total loads considered in 
Table 5 are 10,000 Ib. and 20,000 Ib. It is seen from the table that at the load 
of 10,000 lb., the deflection of the ordinary 34-in. bar was 0.0069 in.; of the 
L-1, 0.0077 in.; of the L-13 round and oval dowels, 0.0048 and 0.0038 in.; 
of the L-4 device (4%-in. joint), 0.003 in. The deflections of the L-11 unit 
were-definitely higher than those of the standard dowel at 10,000 lb., being 
0.0085 to 0.0105 in. The deflections of the L-2, L-5, and L-6 devices were 2.8 
to 3.4 times that of the standard dowel at this load. Compared to these dowel 
units, the behavior of the plain slab, dummy joint, and wire mesh specimens 


TABLE 5 


Loap Drriection Data From Load TRANSMISSION Tests! 
(University of Illinois Tests) 


At 10,000-lb. Load At 20,000-Ib. Load 
. Maximum 
Kind of Load Widta 21, load 
Transmission Device Cet on Slab | Deflection | Perm. set | Deflection | Perm. set 
in. lb. in. in. in. in. 
N i tes UAC RP eshCl CORC CT Ree ae 34 48,820 0.0072 0.0016 0.0165 0.0041 
34 48 ,700 0.0082 0.0020 0.0189 0.0048 
48 ,760 0.0077 0.0018 0.0177 0.0045 
34-in. dowel, 24 in. lg... . 34 28,090 6.0068 0.0012 0.0230 0.0062 
84 30,690 0.0070 0.0010 0.0213 0.0066 
29,390 0.0069 0.0011 0.0222 0.0064 
ee es ee ton tor alas: ieee 2 % 50,380 0.0030 0.0008 0.0089 0.0024 
Hin. aowels 17, im. Ages 34 51,720 0.0048 0.0014 0.0132 0.0035 
Ovaleplpe sane nese Aa ects 84 50,960 0.0038 0.0009 0.0105 0.0022 
L-10. = ERE NERC ee ee il 43,180 0.0105 0.0025 0.0257 0.0080 
SS Ty (RO Seat Soe ieee iene ee eee 34 36,200 0.0085 0.0020 0.0187 0.0055 
[=D jamtanciainles ety eee ee A Sees 34 34,500 0.0195 0.0030 0.0455 10) 0105 
L-6 (%6-in. x 14-in. plate)... % 21,900 0.0260 0.0110 0.08002 0.05502 
Mweders teracaisiiatetagets teu tetere ea te a oe 1 16,360 0.0236 OODLE iy Rreicete. (al a oiegs terres 
1 Oa yal Gir) 6) Cod 0 Jeasisio gents oa % 23,450 0.0178 0.0053 Near Near 
failure failure 
- 3 17,075 0.0035 (COO ae tcuecetttn Allee wails se 
tapes ae te eee sf 66,900 | 0.0022 | 0.0006 | 0.0064 | 0.0014 
Plain stay? clean. See eete Skee ae 89,320 0.0030 0.0019 0.0077 0.0051 
ES ee) ae ke hier ate 70,670 0.0040 0.0029 0.0112 0.0085 
See wes ith z 
: eens See oe oe 115,130 0.0005 0.0000 0.0014 0.0005 


1In general five tests were made on each type. 


2 ; 
3 Le eee dummy joint and wire mesh specimens, all 7-in. slabs, were cracked before the 


load transmission test was started. 
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was noteworthy. All were very stiff and the specimen containing wire mesh, 
in particular, was six times as stiff as any of the slabs employing dowels. 

The deflections under the 20,000-lb. load were still more significant as 
regards the load-carrying ability of the dowel units. Here again the L-1, L-4, 
and L-13 were definitely stiffer than the standard %-in. dowel, the L-11 device 
about equal, and the L-5 and L-6 devices much more flexible, while the L-2 
device failed completely. 


(4). Errectiveness or Loap TRANSMISSION Units. The joint deflections 
given in Table 5, together with information on the stiffness of road slab and 
subgrade, may be used to indicate the relative effectiveness of different types 
of load transmission units. The simplest comparison to be made is that of the 
action of the single unit across a joint with a concentrated load on one side of 
the joint and directly above the device. It is probably safe to assume that the 
deflection of subgrade under one edge of the slab is unaffected by the deflec- 
tion under the other edge a short distance away. 

If the device had zero stiffness, no shear would be transferred across the 
joint. If the device were infinitely stiff, 50 per cent of the load would be trans- 
ferred by shear to the unloaded slab, and’ we might consider the device as 100 
per cent effective. Thus, the effectiveness, e, could be defined as the ratio of 
twice the shear, V, to the concentrated load, P, or 


ae i 
sie pepiee (1) 


If the deflection of the device across the joint due to unit shear is A, and 
the deflection of the subgrade due to a unit load on the edge of the slab is 2, 
then, since the difference of the subgrade deflections on the two sides of the 
joint must equal the dowel deflection, 


(P= Weave =k. (2) 


Combining Equations (1) and (2) gives 


This equation has also been given by Friberg® and Bradbury* in discussions 
of dowel design. 

From Equation (3), it is evident that the effectiveness of a dowel in 
transferring shear depends not only upon its own flexibility as measured by A, 
but also upon the stiffness of the subgrade and the thickness and stiffness of 


2 Friberg, B. F., “Design of Dowels in Transverse Joints of Co tewe Sie 
A.S.C.E., Vol. 64, No. 9, pp. 1809-28, November, 1938. riots cea ate aa 


_ * Bradbury, R. D., Discussion, ‘Load and Deflection Characteristics of D Is i F 
Joints of Concrete Pavements,” Proc. Highway Research Board, Vol. 18, Patt 1 tim 


BUL. 365. JOINTS IN CONCRETE PAVEMENTS 73 


TABLE 6 


Comrutep THEORETICAL EFFECTIVENESS or LOAD TRANSMISSION 
DeviIcEs ror THREE VALUES oF SUBGRADE SuppoRT 
(University of Illinois Tests) 


(Assumed: 7-in. slab, Modulus of Elasticity =3,000,000 lb. per sq. in., Poisson’s ratio =0.15.) 


Load per ft. of Joint, lb. 


Kind of Load Wades 2,500 5,000 
Transmission Device Joint 
i Com- M A Com- : 
~ F Medium | Stiff cs Medium] Stiff 
in. 
press le soil soil ee le soil soil 
k=50 | k=100 | k=250 | k=50 | k=100 | k=250 
1 Oa Oar cn Gres here ON oy Ree eS 34 0.82 OL7T 0.71 0.80 0.74 0.68 
ae RE terre atch atten ener teenies ts se 34 0.80 Ont 0.68 0.78 0.72 0.65 
in. dowelsencskk os been 34 0.83 0.78 0.72 0.74 0.68 0.60 
SAIN AOCOWEl clos, hes eis wrein es 34 0.83 0.77 ORE 0.76 0.69 0.62 
Petula oeot Gos Sanu eam wen boos % 0.92 0.89 0.85 0.88 0.84 0.80 
1-in. dowel Sree Ot irc RENE A oS ee 34 0.87 0.83 0.78 0.83 0.79 0.73 
Ovalipine sa mecca oes: ena 84 0.89 0.86 0.82 0.86 0.82 0.77 
Mim] Opn cite ele cio cis cies Oke ace 1 0.76 0.70 0.62 0.72 0.65 0.57 
Here LUN carats orcas cane Maree eat ace 34 0.80 0.74 0.67 0.78 0.72 0.65 
Cea eee aed eRe cee 84 0.63. 00.55 | (O47 91- 0.5970) 10.51. 1) 0543 
L-6 (%6-in. x 114-in. plate). ..... % 0.56 0.49 0.40 0.45 0.38 0.30 
RACES Sole fekeg Weier Ne beter clometete er pl 0.59 0.51 0.42 ot eee aa 
ELBA FEnStOM)%e cccanctsys csplahers eraeuare % 0.65 0.57 0.49 hae pnt PERE 
Del SAGOMpP.). cscp ees wake eee ss % 0.91.1 0.87 [10.83 ai iss aes 
L-16 (12-in. effective spacing)... 34 0.94 0.92 0.89 0.84 0.80 0.73 
L-16 (24-in. effective spacing).... 34 0.84 0.80 0.73 0.60 0.52 0.44 
Plain slab, with wire mesh...... ne 0.99 0.98 0.97 0.98 0.97 0.96 


the road slab, as reflected in the deflection, z. This quantity may be computed 
for given conditions, by means of Westergaard’s* equation 


0.433 P (4) 
Oe ag oe 
kP 


in which z is the deflection of a free edge of a slab, directly under the concen- 
trated load P, k& is the modulus of subgrade reaction, and / is the radius of 
relative stiffness for the slab. For a 7-in. pavement, with a modulus of elasticity 
for the concrete of 3,000,000 lb. per sq. in., k and / may have the following 
values. 

Compressible soilx....:....:....k = 50 1= 36 

Meditinicoll.c...esttenevaccunek = 100 ¢ = 30 

Sti esol chee eeu. atscoma he c00 = LS 22 

Very stihl soils: 6s... -0e00 sk = 5004 t= 20. 


Table 6 gives values of the relative effectiveness of load transmission 
devices in a 7-in. slab, computed for subgrade moduli of 50, 100, and 200 lb. 
per cu. in. and loads of 2,500 and 5,000 Ib. per foot of joint, corresponding 
roughly to one and two times the normal service load on a slab under H-20 
loading. These were computed by substituting in Equation (3) values of de- 


4 Westergaard, H. M., “Computation of Stresses in Concrete Roads,’ Proc. Highway 
Research Board, pp. 90-112, 1926. 
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Fic. 53. Averace Loap DrrLecTIon Curves, Loap TRANSFER TESTS 


flection, z, obtained from Equation (4), using proper values of k& and /. The 
results show that even the best of the load transmission devices are considerably 
less than 100 per cent effective in transferring load across a joint supported 
on subgrade. The effectiveness is evidently greater for the more compressible 
soils, and this is fortunate, because even though a device is less effective on a 
very stiff soil, such a subgrade results in small deflection, and therefore small 
stresses, in the pavement slab under a wheel load. Attention may therefore 
be concentrated on the effectiveness of a device in slabs on soft and 
medium soils. 

The computed relative efficiencies of the joints agree reasonably well with 
the comparison on the basis of deflections discussed above. On the basis of 
relative efficiency, the various mechanical devices are rated in the follow- 
ing order, beginning with the most efficient: L-16, L-4, J-9 with oval dowel, 
J-9 with round dowel, L-1, conventional %4-in. dowel, L-11, L-10, L-15, L-5, 
L-2, and L-6. The relative stiffness and strength of the various mechanical 
devices are also shown by Fig. 53, in which the L-16, L-4, J-9 with oval dowel, 
J-9 with round dowel, L-1, and L-11 devices fall into a fairly definite group, 
while the remaining seven devices show consistently higher deflections, es- 
pecially at the higher loads. Figure 54 shows average load set curves. 

It has been noted that the L-16 device can transfer load in only one direc- 
tion across a joint. The high computed effectiveness of this joint is therefore 
based on the use of two units (one facing each way) per linear foot of joint. 
If the dowels are alternated in position and used at a 12-in. spacing per unit, 
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the effective spacing becomes 24 in. and the resulting effectiveness is con- 
siderably decreased, as shown in Table 6. 

The numerical values of effectiveness of load transfer in Table 6 should 
not be given too much weight. They show clearly the need for stiffness as well 
as strength in a load transmission device. They do not show how this effec- 
tiveness may be modified in service by loosening of the unit, funneling of con- 
crete around the device, softening of the subgrade due to leakage or infiltra- 
tion of water into the joint, or curling of the pavement. Many engineers have 
pointed out that with curling of the slab, due to temperature and moisture dif- 
ferentials, a stiff load transmission device may crack the slab by its inability to 
bend with the slab. The ideal device for this purpose should provide hinge ac- 
tion at the joint. The laboratory tests did not produce much bending in the 
dowel joints; further tests with large amounts of bending are needed for a 
complete answer to the curling problem. To the extent that a load transmission 
device reduces the deflection of the road slab at a joint from the amount that 
would exist if there were no load transfer, it may also be considered effective in 
reducing the stresses in the slab. However, since the load in service is not usu- 
ally applied directly over a load transmission device, and since the load must 
be carried by a group of units, the effectiveness as a load transmission device 
does not indicate directly the effectiveness of the unit in reducing slab stresses. 
This is particularly true if a comparison is made between two types of devices, 
used at different spacings. This subject has been discussed by Friberg,’ Brad- 
bury’ and others, and need not be developed further here. However, it is worth 
War Proe: 


5 Friberg, B. F., ‘Design of Dowels in Transverse Joints of Concrete Pavements, 


A.S.C.E., Vol. 64, No. 9, pp. 1809-28, November, 1938. De ; 
6 Bradbury, R. D., Discussion, ‘‘Load and Deflection Characteristics of Dowels in Transverse 


Joints of Concrete Pavements,’ Proc. Highway Research Board, Vol. 18, Part I, p. 156, 1938. 
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Fic. 55. ARRANGEMENT OF Puti-Out TESTS 
oF Copper SEALs. (a) ARRANGEMENT OF 
Test Piece 1n Trstinc MacHIne (CLAMP 
SHown Is ror Hanpuinc Test Prince) ; 
(b) Test Piece arrer FAILURE OF SEAL 
(University or Iutinois Tusts) 


emphasizing that, as a means of comparing joints of different strengths and 
stiffnesses, the effectiveness factors given in Table 6 seem very useful. 


(e) Tests of Anchorage of Copper Seals 


(1) Test ARRANGEMENT AND ProcrepurE. The copper seals used on the 
various joints were anchored into the adjacent concrete slabs by edges, beads, 
or wings projecting from %¢ in. to 1% in. from the face of the joint. To secure 
information on the effectiveness of such anchorage, a series of tests was made 
im which a 1-ft. length of the joint (generally without dowels) was embedded 
in a small concrete slab. After a two-week curing period the two halves of the 
slab were pulled apart, causing the copper seal first to straighten out, then to 
tear in two or pull out of the concrete. Five such “pull-out” tests were made 
with each type of joint. 

Figure 55 shows the arrangement of a pull-out test in a testing machine. 
The slab, 12 in. wide and 7 in. thick, was set vertically in the machine. A pull 
was applied to the lower block, in line with the plane of the copper seal 
anchors, and the joint was pulled apart until the copper pulled out of the con- 


crete or broke. The loads required to produce significant action of the joint 
were recorded. 
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TABLE 7 


ReEsvuLts or Putu-Our Tests or Copper Spas 
(University of Illinois Tests) 


Load at | Maxi- eee 
Joint | Speci- nitia poe 
det Slip Load Load Remarks 
lb. lb. lb. 
J-1 1 2,300 2,300 Bottom failed, then seal tore out along slotted holes 
J 2 600 2,140 Bottom failed, then sea] tore out alone slotted holes. 
3 1,840 1,920 Bottom failed, then seal tore out along slotted holes. 
4 2,120 2,180 Bottom failed, then seal tore out along slotted holes. 
5 2,100 2,200 2,148 Bottom failed, then seal tore out along slotted holes. 
J-4 1 1,950 2,200 Concrete cracked above seal. 
2 1,600 2,200 Concrete cracked above seal. 
3 1,900 2,200 Concrete cracked above seal. 
4 1,750 2,450 Broke out block of concrete, one end. 
5 1,850 2,380 2,286? Crack formed near edge of seal. 
J-5 1 2,400 2,600 Seal torn and concrete broke at corner. 
2 2,000 2,600 Seal slipped at one corner. 
3 2,250 3,150 Concrete split off above seal. 
4 2,100 3,540 Concrete split off above seal. 
5 2,540 2,820 2,9942 Seal pulled out and split concrete. 
J-6 il 1,300 1,700 Slipped and broke 2 copper lugs. 
2 1,950 2,100 Broke off 3 copper lugs. 
3 2,600 2,600 Lugs broke and seal slipped out. 
4 1,000 2,100 Lugs broke or pulled out. 
5 2,400 2,400 2,180 Seal slipped out of concrete. 
J-7 1 1,360 1,360 Failed at steel strap across seal. 
21 1,560 1,560 Failed first at one corner. 
31 1,590 1,590 Same as No. 2. 
4 1,240 1,240 Same as No. 1. 
51 1,560 1,560 1,462 Cracked loose seal at one corner, then the other. 
J-2 1 980 1,300 Cross tie broke at 980 lb. 
2 1,150 1,400 
3 1,650 1,650 Concrete cracked, copper seal tore. 
4 1,750 2,200 Similar to No. 3. 
5 2,070 2,070 1,724 Cracked concrete one corner, slipped at other. 
J-3 1 1,680 1,680 Failed at corner by cracking of concrete. 
21 1,720 1,720 Seal pulled out, edge of slab split. 
31 1,130 1,130 Failure at corner, concrete cracked. 
4 1,470 1,470 Failure at corner, concrete cracked. 
5! 1,180 1,180 1,436 Sudden failure, concrete broke out. 
J-10 1 9008 920 Concrete split out above seal. 
2 _ 9503 950. Joint spread, concrete split at upper seal. 
3 8403 840 Joint spread, seal pulled out. 
4 2,3003 700 Steel plate holding seal yielded. 
5 1,0603 800 842 Steel plate loosened, releasing seal. 
J-8 1 2,000 2,000 Concrete cracked. Wire anchor opened up. 
2 1,920 1,920 Concrete cracked. Wire loop tore thin copper seal. 
3 1,500 1,500 Concrete cracked. Wire loop opened. 
4 1,800 2,300 Concrete cracked above seal. 
5 1,400 1,660 1,876? Poperete cracked. One wire loop opened, other tore 
seal. 
J-9 1 1,800 2,020 Seal pulled out of concrete. 
2 1,550 3,180 Steel strap broke, seal pulled out. , 
3 1,150 PLA GIS0) Steel strap broke, concrete cracked vertically. 
4 570 570 Concrete split, seal pulled out. 
5 1,280 2,760 2, 2562 Concrete split, seal pulled out. 


Note: Slabs 12 in. wide, 7 in. deep. No dowels used except the plate in the J-10 joint, 4,000-lb. 
concrete. Joints pulled apart until copper seal straightened and pulled loose from concrete. 

1 The copper seal was tied at intervals with a steel strap, which produced failure by concentrated 
bending of copper and cracking of concrete. On slabs J-7 (2, 3, and 5) and J-3 (2, 3, and 5), this strap 
was cut before the test. 2 : 

2 Copper seal anchors backed up and reinforced with steel sheet. 

3 Load at opening of J-10 unit. 
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(2) Dara or Putt-Our Tests. The principal test results are given in 
Table 7. A description of the manner in which each seal failed is given below: 


J-1. This joint generally failed by first pulling out the bottom of the air 
chamber, and then tearing the copper seal along the row of slotted holes, leaving 
the outer bead embedded in the concrete. 

J-4 and J-5. In these joints the outstanding flange of the copper seal was 
crimped to a similar flange on the sheet steel body of the joint. Failure was due 
to cracking and splitting of the concrete above the seal, allowing the copper and 
steel flange to pull out. 

J-6. This seal had projecting lugs % in. wide, spaced at 2-in. intervals along 
the length of the copper seal. In the tests the joints generally failed by breaking 
off these copper lugs and consequent slipping of the remaining seal from the 
concrete. 

J-3 and J-7. The seals on these joints were almost identical in design and in 
behavior in the tests. The M-type copper seal was tied together by means of a 
light steel strap at intervals of about 10 in.; when these straps were left in place 
they caused an initial local splitting of the concrete. In part of the tests the 
straps were cut, allowing the copper joint to open and straighten out freely. The 
final strength of the joint was not greatly affected by the steel straps. 

J-2. This joint failed by cracking of concrete and tearing or pulling out the 
copper seal. 

J-10. This joint had an unsymmetrical seal, one side projecting % in. with 
a rolled bead, and the other hooked over a light steel plate and projecting with 
a straight edge %g in. into the concrete. This narrow edge failed in most cases, 
since the steel plate yielded enough to allow the copper to pull out of the con- 
crete, at a relatively low load. 

J-8. This copper seal was reinforced or backed up with a sheet of steel which 
added to its strength and stiffness. The %-in. projection into the concrete con- 
sisted of two thicknesses of copper and one of steel. To increase the anchorage, 
No. 10 wire dowel holders were hooked through the copper seal at intervals. At 
failure, there was cracking of the concrete around the seal, and the wire loops 
either opened up or tore out of the seal. 

J-9. This seal, with straight edges projecting about %¢ in. into the concrete, 
was greatly strengthened by steel straps used to support the seal in place. With 
one exception, this seal carried a rather high load, for which the steel straps were 
doubtless partly responsible. 

When these tests were planned, there was some doubt that concrete could 
be placed against and around the copper seals in a way that would insure 
good anchorage of the seals. Unless the seals in a road slab remain thoroughly 
anchored and unbroken, they can have no permanent value. Therefore, while 
no joints in service would open sufficiently to pull out the seals, as was done 
in this test, conditions may occur in a pavement where the asphalt filler or 
dirt is pounded tightly against the vertical wall of the seal, which exerts a 
heavy pull on the anchorage of the copper. 

The tests may also indicate other weaknesses of the sealed joint, such as 
honeycombed concrete beneath the wings of the seal, or a weakness in the 
thin ledge of concrete just above the seals. Another feature of certain seals is 
suggested by these tests; viz., when the seal anchors consist of combined 


layers of copper and steel, the permanent resistance of the anchorage to cor- 
rosion is doubtful. 


These tests, while not so important as other tests of the joints, seem sig- 
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Fic. 56. Hypraunic Testing MAcHINE For OPENING-CLosInG Tests 
(State Highway LaAsoraTory, SPRINGFIELD) 


nificant in showing the relative security of anchorage of the several types 
of copper seals. 


(f) Repeated Opening-Closing or Fatigue Tests of Joints 


(1) Test ARRANGEMENT AND ProcepurE. The object of this series of 
tests was to determine the ability of the joint, and particularly of the copper 
seal, to withstand repeated opening and closing, such as might be produced 
by expansion and contraction of a pavement due to changes in temperature. 
The 1937 specifications of the Illinois Division of Highways required that the 
joint should have a net expansion space between the side walls of not less 
than *% in. With reference to the copper seal, it was specified that under labo- 
ratory tests it must withstand, without injury in any way, not less than 40 
cycles of alternate complete opening and closing of the joint. It might be 
assumed that while there are daily variations in pavement length, a complete 
opening and closing of the joint would occur only once a year, so that 40 
cycles might be considered to be equivalent to 40 seasons’ variation. However, 
it is more likely that the daily variations in summer, when the joint is most 
tightly closed, and the accompanying vertical deflections across the joint, do 
more damage to the copper seal than has generally been assumed. 

The tests were made under the supervision of Professor Dolan on a special 
machine designed for the purpose, which was available at the State Highway 
Laboratory at Springfield. By means of this machine, a 24-in. section of joint, 
embedded in a slab of concrete, was subjected to a very gradual opening and 
closing, with about one cycle per minute and with any desired amount of 
movement. The test slabs, 24 in. square and 7 in. thick, were tested when 
seven days old. The machine, shown in Fig. 56, was operated hydraulically 
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with an automatic mechanism to reverse the direction of motion. After a test 
was begun, it was stopped at regular intervals to permit a thorough examina- 
tion of the copper seal in order to determine the extent of cracking produced. 
The machine was provided with gages which indicated, approximately, the 
load required to close or open the joint. 

When possible, the joints were subjected to a complete %4-in. closing, as 
required by the 1937 specifications, but since some joints would not close 
that much, they were simply closed as tightly as their construction permitted. 
Included in the group which could not be closed % in. were the J-6 joint with 
Y-in. air chamber and the J-8, J-9, and J-10 joints which contained fiber 
fillers. In the last three joints, the copper seal received much less severe treat- 
ment than the others, since the closure was held to only %4e to ¥% in., and, in 
addition, the extrusion of the filler formed a cushion inside the seal which 
prevented sharp folds in the top of the seal. 

All tests. were run to at least 100 cycles of opening and closing, unless 
general failure of the top seal had occurred at a lower number of cycles. For 
a few joints, the number of cycles reached 200 to 300. 

For the joints containing preformed asphalt spacer blocks (J-2, J-3, and 
J-7), a fairly high load was required for the initial closing of the joint, but the 
asphalt extruded readily, the joint closed almost completely, and the loads at 
subsequent cycles were low. 

An excessive amount of solder in the lap seams, at the junction of top 
and end seals of some joints, usually caused an early failure of the seam 
and in some cases started cracks in the copper near the seam. 

No dowels were used in these tests, except for the continuous plate dowel 
of the J-10 joint. On joints furnished with asphalt caps, the cap was removed 
from the copper seal before the test. 


(2) Dara or Oprntnc-CLosinae Tests. Detailed records of each test 
were kept, with notes and sketches showing how cracks in the seals started and 
progressed with repeated loading. The principal items from these records, for 
all of the joints tested, are presented in Table 8. As a further summary and 
generalization of the results, Table 9 gives a brief classification of observed de- 
fects of the various joints. It will be noted from a reference to the tables that 
in all but three types of joints the soldered junction between top and end seal 
broke the first time the joint was closed. All but four had cracks more than 
1 in. long after 40 cycles of movement. Three types required very large loads 
to produce even partial closure of the joint. Only one joint was fairly free 


from the defects listed, and it certainly did not withstand 40 cycles of move- 
ment without injury in any way. 


(3) Derartep Test BreHavior oF THE Various Jornts. The following 
detailed notes describe the test behavior of the ten joints listed in Table 8: 

J-1. This joint was one of the few that permitted the full 34-in. closure with- 
out folding the seal tightly. The seal was effective in preventing any mortar from 
entering the air chamber. During the first 50 cycles the cracks in the seal, which 
were very small, were due to breaking of the brazed lap at the junction of end 
and top seal. After a large number of cycles, small cracks started in the end 
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TABLE 9 


OrsERvED DErects or JoINTS AND SEALS IN OpENING-CLosING TESTS 
(University of Illinois Tests) 


Joint 


Defect 
J-1 J-10 J-3 J-8 J-9 J-6 J-7 J-4 J-2 J-5 


Mortar leaks in under top 


Beal et A ores pore eur ate a x ste neh x x 
Mortar leaks in at bottom 

corner, end seal........ as B6 x ee se x x x x x 
Seal folds tightly as joint 

is Seen a Penile aa es Px ae x e x : Bx x 
Joint not close es Se se x ns x x j = 
Actual closure = i? Rink tccads = 546-in. ate He-in. | %-in. | He-in. sid ieee 
Soldered seams break at Tape 

first CyVClen suisse cere a ob x x opens i x 7 Xi Bs 
Large load required to 

close joOmt....chies te a x Se x K 


Sharp bends in copper 
cause large cracks to 
form within 40 cycles. . . ee Or xk ae x dre: es os an x 

End seal causes concrete 
Gospallin: PW x, shientgeeostes a x 

Cracks in copper more 
than 1-in. long after 40 


OV CLES a hiclincea agrees ae! ma x se) x Ee x x x x 
Seals fail completely with 
160 cycles or less....... oe beg x x x 33 x x x x 


seals at their junction with the concrete. More than 200 cycles were required to 
develop a 2%4-in. crack in the copper of the top seal. In general, the cracks in this 
seal did not develop rapidly; the longest crack noted was 4% in. after 360 cycles. 

J-10. This joint permitted a closure of only %4g in., hence the copper seal 
was not folded tightly enough to produce severe flexing of the copper at localized 
points, as was the case in most of the other joints. For this reason, the joint may 
be rated as the most resistant to cracking of the group tested. In one test, no 
cracks were found after 240 cycles of test. However, the J-10 does not provide 
for % in. of closure. The end seals (sponge rubber and galvanized iron plates) 
excluded mortar efficiently, but rotated as the joint opened and closed so as to 
spall off a small amount of concrete above the seal. 


J-8. This joint had soldered corner joints which broke open at the first 
closing. The first cracks in the copper itself started in the sharp folds close to the 
soldered corners. Since these joints could only be closed %%4g¢ in., the top seal did 
not fold very tightly, but with repeated flexing, cracks started and developed 
along the fold which formed along the middle of the top and end seals. None of 
these cracks was more than % in. long at 40 cycles or 1% in. long at 100 cycles, 
but thereafter, probably due to cracking of the steel sheet which reinforced the 
copper, cracking proceeded rapidly to complete failure at about 150 cycles. 


J-9. The end seals furnished with this joint, evidently hand-made, were much 
thinner than the top seals (0.015 in. as compared to 0.026 in.). Unlike those of 
the other joints, these end seals were set flush with the sides of the slab. Instead 
of a soldered joint between top and end seals, the junction was covered with 
electricians’ friction tape. In the tests, this tape allowed the corner seal to buckle 
and open up the first time the joint was closed. Because of the fiber filler, this 
seal could only be closed % in. The top seal failed by a rapidly spreading crack 
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along the sharp bend in the seal at its junction with the concrete. At 40 cycles 
of testing this seal had cracks from 8 to 15 in. long, and failed completely at about 
100 cycles. 


J-6. This joint was intended for %-in. closure but, due to metal separators 
and other obstructions, could be closed only 7% in.; hence the middle portion of 
the copper seal did not fold tightly. However, in the curved sections joining the 
top and end seals, many small diagonal wrinkles formed and started cracks as the 
test progressed. The large cracks which developed in the seal after a large number 
of cycles of test were generally at the sharp bend in the copper where it entered 
the concrete slab. 

It was found that, during pouring of the fresh concrete, the seal did not 
prevent mortar from leaking into the air chamber, collecting at the bottom of the 
joint, and interfering with complete closing. 


J-?. The copper seal used on this joint was similar to that used on the J-3 
and J-4 joints. In all three, the soldered joint at the junction of top and end seals 
opened up at the first cycle of testing. The asphalt spacer blocks did not prevent 
full %4-in. closing of the joint; neither did the mortar which had leaked into the 
air chamber. The cracks in the seal were generally small up to 40 cycles, although 
one test piece cracked more rapidly than the others and failed generally at 100 
cycles. Many of the cracks were at a top fold of the M-shaped seal. These joints 
were originally 1 in. wide instead of 34 in. as specified. 

J-4. This seal was similar to the seal on the J-7 joint, and failed in a similar 
way. Although the joint seemed tight and did not leak mortar, it would not close 
quite the full 34 in. The first cracks were at the corner Junction and along the 
sharp folds of the M-shaped section. Two types of end seal were provided — one 
of copper, which cracked even more rapidly than the top seal, and the other a 
¥4g-in. galvanized steel plate across the end of the air chamber. This device was 
fairly satisfactory, although it bent slightly in the repeated tests. The cracks in 
these joints at 40 cycles were 2 to 4% in. long. 

J-2. The nominal width of this joint was 1 in. The bottom of the steel air cell 
was notched near the ends to allow room for the end seal, and this notch allowed 
some mortar to seep into the air chamber, but due to the 1-in. original width, the 
joint could still be closed a full 34 in. The soldered seams of the mitered corners 
of the joint opened at the first cycle of loading and cracks formed quickly in the 
trough of the seal at the corner, then spread along both the top and end seals. 
Several cracks developed along edges of the seal where the copper was bent 
through 180 deg. around a wire to form a bead. Failure of these copper seals 
was generally complete at 100 cycles of test. 

J-5. This copper seal, which like that on the J-4 joint was of the M-type, 
failed completely within 60 cycles of test. The principal cracks occurred at the 
junction between seal and concrete slab. Apparently the seal was made of a 
hard grade of copper or was bent too sharply at the junction noted above, 
judging from the speed with which the failures developed. 

J-3. This joint had a copper seal of the M-type. The construction of the 
joint permitted some mortar to leak into the air chamber during concreting. 
Generally the cracks in the copper were small during the first 40 cycles of test; 
however, they developed to complete failure during the next 100 cycles. The 
failures were similar to those of the J-4 joints, with cracks running along the 
top folds of the M-section. 
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Fic. 57. Typicau JoInts AFTER OPpENING-CLosInG TrEstTs 
(University oF Initinois Trsts) 


Views of a few of the previously discussed test pieces after failure of the 
copper seals are given in Fig. 57. 

The conclusion from these tests is that no joint behaved satisfactorily. 
None withstood 40 cycles of opening and closing through a full 34 in. of move- 
ment, without some damage to the seal. Of the joints that permitted 34-in. 
closure, the J-1 had the fewest and smallest cracks at 40 and 100 cycles, and 
withstood the most cycles of loading without general failure. The J-3 and 
J-7 jomts may be rated next, followed by the J-2, J-4, and J-5. The J -6, with 
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only %4e6-in. closure, withstood the test very well and showed only one small 
crack in three test pieces at 40 cycles. The smaller movement was evidently 
much less severe than the full %4 in. The seal on this joint has a good feature 
in that neither closure nor the pounding of traffic on the asphalt cap tends to 
produce a tight fold in the seal, which is the usual source of cracking. 

Of the three joints with preformed fillers, the J-10, with about %e-in. 
closure, made an excellent showing, with no cracks at 100 cycles and relatively 
little damage at 160 to 285 cycles. The fiber filler protected the copper seal 
from being folded tightly and the small amount of closure did not produce 
severe bending of the copper. The seal on the J-8 joint had a large number of 
small cracks at 40 cycles of about %e6-in. closure, and the seal on the J-9 joint 
had several long cracks at 40 cycles of less than ¥%-in. closure. 

The wide variation in results from the opening-closing tests indicates that 
while no joint gave the desired performance, some had been developed much 
further than others. Further improvement may be possible, but the known 
low fatigue resistance of copper and the large movement demanded in the 
joint are not encouraging. As indicated by the J-6 and J-10 joints, it would 
be far simpler to design a seal for a %4- or %-in. opening than for the %-in. 
movement specified. The use of a filler material in such a way as to prevent 
tight folds in the seal also seems highly desirable. 

The tests gave no indication of the effect of vertical traffic loads crossing 
the joint continually and the large number of small daily movements due to 
temperature changes, factors which undoubtedly contribute greatly to the 
failure of the copper seals in service. 


(g) Studies of Resistance of Joints to Collapse and 
Leakage during Installation 

This small group of tests, made only on joints of the air-chamber 
types, was planned to determine how well the steel air chamber main- 
tained its original width during installation, when subjected to pressure 
from fresh concrete similar to that produced by concrete pushed 
ahead of the strike-off screed of a finishing machine. The test also 
showed any leakage of fresh concrete or mortar into the air chamber. 

A 5-ft. length of joint was placed in a wood form and held in 
position at each end by a small length of steel angle attached to the 
form. In making the test, three batches of 1:2:4 concrete with about 
2-in. slump were used. The first batch was piled against the sides of 
the joint and rodded vigorously, care being taken to avoid striking the 
joint with the tamping bar. The other two batches were placed in the 
form and levelled and compacted by use of a Jackson surface vibrator. 
A movable bulkhead at one end of the form was then moved toward 
the joint a distance of 3 in. by means of two screw jacks. The pressure 
produced by this movement was not transmitted to the joint to any 


86 ILLINOIS ENGINEERING EXPERIMENT STATION 


ereat extent, since the concrete relieved itself by bulging upward at 
the top surface. The surface was again vibrated, levelled, and finished 
with a trowel. Since the forms were 8 in. deep, a 1-in. wood filler was 
used over the top of the 7-in. joint, and the forms were filled the full 
8 in. depth. 

After 24 hr., the two slabs were jacked apart and the joint was 
opened up for examination and measurement. The departure of the 
two sheet steel walls of the air chamber from a vertical plane through 
the joint was measured at 75 points, 1 in. apart vertically and 4 in. 
horizontally. These departures furnished the information concerning 
widths of air chamber for the several joints shown in Table 10. 

The measured widths listed in Table 10 do not give so complete 
information as desired, since it was impossible to get accurate meas- 
urements of the air chambers prior to the collapsing tests. Further- 
more, none of the joints as submitted was uniform or true to design 
dimensions. The J-2 and J-3 joints were originally a full inch or mcre 
in width, and the J-4, J-5, and J-9 joints were evidently between % 
and 1 in. in width. The J-1 joints were fairly close to the designed 
34 in. in width, while the J-6 joints were originally about %6¢ in. wide. 
The average widths after test show comparatively little decrease in 
width because of the concrete pressure, but the minimum widths indi- 
cate that at some point in the joint, the width of the air chamber 
was pretty generally 0.10 to 0.15 in. less than the average width, thus 
reducing by this amount the effective expansion space. Most of the 
extreme variations, found near the edges of the joint, were probably 
no greater than would be found in the joints in service installations. 

The leakage of mortar into certain of the air chambers was noted 
in the discussion of the opening-closing tests. Here again a considerable 
amount of leakage occurred in the cases of the J-3, J-6, and J-7 joints. 


TABLE 10 
Measurep WiptuHs or Arr CHAMBERS OF EXPANSION JOINTS 
AFTER INSTALLATION TESTS 
(University of Illinois Tests) 


; P Joint 
Dimensions 
in. J-1 J-5 apr Dee J-6 J-4 J-8 
Average width...... 0.71 0.92 0.93 0.97 0.55 0.88 1.05 
Maximum width.... 0.97 1.00 1.03 1.03 O72 0.97 1.15 
Minimum width... . 0.60 0.84 0.78 0.87 0.41 0.75 0.87 


BUL. 365. JOINTS IN CONCRETE PAVEMENTS 87 


The mortar filled the bottom of the air chamber to a depth of 4% to 
% in., which would, to some extent, obstruct the closing of such a 
joint in service. 

It may be concluded from these limited tests that: (1) some joints 
will permit an undesirable amount of concrete or mortar to leak into 
the air chamber, thus forming an obstruction to complete closure; 
and (2) the pressure exerted on the joint walls during installation 
produces an appreciable variation in joint width, so that the full 
designed provision for expansion may not be secured. 


(h) Compression Tests of Joints and Joint Fillers 


Compression tests were made on concrete specimens containing 
samples of the complete joint, in order to throw light on the ability of 
pavement edges to resist the forces which are present when the joint 
is under compression due to expansion of the concrete. Tests were 
made also to determine the resistance to compression of the premolded 
joint fillers which were a component part of some of the joints. These 
tests are discussed below. 


(1) Tests or Compete Jornts. The test specimens consisted of a 12-in. 
length of joint for a 7-in. pavement, cast midway between the ends of a con- 
crete slab 7 in. thick, 12 in. wide, and 17 in. long. Figure 58 shows a specimen 
set up in the testing machine. The specimens were tested at the age of 14 days. 


Fic. 58. 
ARRANGEMENT OF 
ComPpRESSION TEST 
(UNIVERSITY 

or Intino1s TESTS) 
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The joint was closed slowly by applying an axial load to the test specimen, 
the load and amount of closure of the joint being noted at initial failure and 
at complete failure. The results of these tests are given in Table 11. It is 
evident from the tests of all of the joints that there was uneven bearing along 
the face of the joint, resulting in high concentrated forces which split the 
concrete at compressive loads much lower than would have been predicted 
from the compressive strength of the concrete used in these specimens. This 
was particularly true in the case of the air-chamber joints, where small varia- 
tions in the width of the joint and the metal separators between the walls of 
the joint limited the area over which the load on the specimen was distributed. 
The joints with premolded fillers and those in which premolded asphalt blocks 
were used as spacers were not so susceptible to these concentrated loads, and 
withstood considerably more compression. before failure occurred. It appears 
that the premolded fillers and spacers served to distribute the compressive 
stress more uniformly over the face of the joint. 

It may be noted that the fiber fillers used in the J-8, J-9, and J-10 joints 
showed very little extrusion at the maximum loads, but the sandwich type 
filler of the L-15 joint and the fibrated asphalt filler used in the J-11 “non- 
extruding” type joint extruded a large amount in this test, as indicated in 
Table 11. 

The average strength of the concrete used was slightly more than 4,000 
lb. per sq. in. Thus, a prism of solid concrete with a section of 84 sq. in. 
would carry more than 300,000 lb. However, in only one case did any of the 
test specimens carry more than 200,000 lb. (the L-15 specimens carried an 
average load of 241,800 lb.). It may be inferred, therefore, that a slab con- 
taiming an expansion joint will be considerably weaker in resistance to longi- 
tudinal crushing than a plain slab. This is due to localized compressive stresses 
produced by the joint and load transmission devices, and to planes of weak- 
ness produced by the copper seals and anchors. In defense of the joints it may 
be said that blowups in plain concrete pavements will also be produced by 
stresses that are localized or eccentrically applied. However, the relatively 
low strength of many of these joints in compression, and the variation be- 


tween the different types, merit consideration in any study of the properties 
of such joints. 


(2) Tests or ASPHALT IMPREGNATED Frper AND PREMOLDED ASPHALT 
Fitters. Three of the joints submitted contained fiber-board fillers impreg- 
nated with asphalt, and one premolded asphalt filler was also submitted. 
The J-9 joint contained a %4-in. fiber-board filler. The J-10 joint utilized a 
%-in. fiber filler, while the J-8 joint contained an unidentified 34-in. filler. 

When these tests were made, no specifications for the material were 
available to the writer, so that the tests devised may not conform very closely 
to the tests now in general use. In addition to tests to determine the bitumen 
content of the fillers, two sets of compression tests were made. 

The first compression tests were made on samples about 6 in. wide and 
12 in. long, using the test»arrangement shown in Fig. 59. The filler was com- 
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TABLE 11 


Resvuuts or Compression Tests or Jomnts 
(University of Illinois Tests) 


Load, lb. Approximate Width 
of Joints, in. 
Kind : 
Speci- | , 
Hee Tan At he " Manner of Failure 
initial Maximum | Orig- | initial f # <a 
failure inal | fail- ale 
aA ure 
J-1 1 36,000 91,100 34 6 0 Vertical cracking—lower slab. 
2 64,300 119,500 % He (0) Vertical cracking—lower slab. 
3 46,800 106 ,600 34 Yy (0) Vertical cracking—top slab. 
105,700 
J-4 1 49 ,300 163 ,500 % % 0 Failed along seal and dowel. 
2 22,000 113,900 WA lo (0) Cracked along dowel and seal. 
3 40,100 99,400 i% yy 6 Vertical cracks, lower slab. 
125,600 
J-5 1 47 ,300 111,700 1346 549 0 Vertical cracks and along seal. 
2 61,100 99 ,800 34 yy 0 Splitting of both slabs. 
3 41,800 99 ,300 y% 6 0 Vertical cracks, upper slab. 
103 ,600 
J-6 1 28,500 123,000 4% 3% Ye | Failed at corner—local bearing. 
2 21,000 134,500 VA VA 0 Spalling and cracking at low loads. 
3 23,000 142,900 % Yo 0 Spalling and cracking at low loads. 
133,500 
J-2 1 28,600 185,900 3lbo 6 0 Diagonal cracks in top slab. 
2 61,900 176,900 1 Wy 0) Vertical cracking and along seal. 
3 22,300 186,000 3V0 Yo (0) Initial cracks in plane of seal. 
182,900 
J-7 1 17,800 70,800 1 % 3% Vertical cracking. 
2 95,000 179 ,000 1 He % Vertical cracking. 
3 70,100 160,000 1%e 46 4 Vertical cracking—cracks along seal. 
136 , 600 
J-3 i 48,900 147 ,200 a % 346 Cracks along seal—vertical cracks. 
2 58,700 90 ,000 aL % YY Splitting and cracks along seal. 
3 52,600 192,900 1 34 % Split along seal and across face. 
143 ,400 
J-10 1 87 ,200 189,300 % Yu %2 | Cracks along L-6 plates. 
2 49,100 153,050 aA M4 YY Vertical cracks along L-6 plates. 
3 198,500 219,600 % Y% \% Vertical cracking at several points. 
187 ,300 
J-8 il 37,700 163,300 34 1549 % Vertical cracking. 
2 128,300 156,500 1346 3% 3% Cracks along seal and edges of slab. 
3 66,700 114,700 34 % 1% | Vertical cracks along seal. 
143,600 
J-9 1 48,700 169, 200 34 12 346 | Cracks along edges of slab. 
2 90,600 144,200 84 19 “6 Cracks along edges of slab. 
Ss 39,300 151,500 84 1i9 Ae Cracks along edges of slab. 
155,000 
L-15 1 235,000 235,000 0.3 0 (Extrusion began at 50,000 lb. load, 
2 | 225'400 | 225,400 | 0.3 0 extended 2 in. at 55,000 Ib., and 
3 265,000 265,000 0.3 0) 6 in. at failure.) 
241,800 
= 1 79,000 79,000 L6 A (Bxtrusion began at 10,000 to 15,000 
es: 2 70,000 88,300 ee 0.46 lb. load; final extrusion varied 
3 90,000 90,000 1.0 0.43 from 34 to 134 in.) 
85,800 


Cross section of slab 7 in. by 12 in. Average concrete strength, 4,090 lb. per sq. in. 
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Fic. 59. 

ARRANGEMENT OF TEST OF FIBER 
AND ASPHALT FILLERS 
(University or ILLINoIs) 


TABLE 12. 


RESULTS OF CoMPRESSION TESTS OF FIBER AND ASPHALT FILLERS 
(University of Illinois Tests) 


Type of Joint Used with 
Item 
J-91 J-91 J-10 J-8 J-11 
Bitumen content (per cent)....... ba 34.4 48.7 4536.5 7 Sea 
Wiichtlae ind Sarctatrsniietercistiesernussatenten 5.87 5.62 6.5 5.62 7.0 
Jeength, ini. ce cc iicl oe rien oerre 12.0 11.5 12.0 12.0 12.0 
Thickness, in. ; ‘ 
iL Originally wate cy ache aveetere 0.75 0.75 0.51 0.75 1.00 
channeled 
2. At 250,000-lb. total load...... 0.210 0.207 0.175 0.282 0.20 
3. With load removed.......... 0.241 0.258 0.224 0.306 NG 
AMAL tor Srmmine tessa nonce etn aber 0.265 0.305 0.260 0.337 recovery 
Bs Afteraihr icone & sotnte tates 0.295 OE 420 ick tenn eden 
Extrusion—increase in width, in.... 0.06 0.06 0.09 1.62 3.0 to 6.0 


1 Material from two manufacturers submitted. 


pressed between rigid steel plates and the change in thickness was measured 
by means of two micrometer dials, reading to 0.001 in. The tests were carried 
to a load of 250,000 lb., or about 3,500 lb. per sq. in. on the specimens. The 
load was then removed and the thickness determined. The recovery after 5 
min. and after 24 hr. was also noted. Table 12 summarizes the test results. 
For the fiber fillers, the load required to compress the material to half 
its original thickness was not very great, varying from about 12,000 to 25,000 
Ib. total load, or 170 to 350 lb. per sq. in. Beyond this point the resistance of 
the material increased rapidly. The maximum applied load of 250,000 Ib. 
produced a total reduction in thickness of 63 to 72 per cent, based on the 
original thickness of the specimen. All of these fillers showed a considerable 
recovery in thickness when the load was removed, even though the compres- 
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sion had been severe. The recovery of %-in. fiber specimens immediately 
after release of the maximum load was 0.03 to 0.05 in. ; after 5 min. it had 
increased to 0.05 to 0.10 in., and after 24 hr. the total recovery was 0.10 
to 0.21 in. 

The extrusion of the fiber samples was generally about 6 in. in a 6-in. 
width at the 250,000-lb. load. The filler used in the J-8 joint, however, extruded 
badly, especially at the middle of the sides of the specimen, where the increase 
in width of the sample was as much as 15% in. 

The behavior of the fibrated asphalt filler used with the “non-extruding” 
type joint differed from that of the fiber fillers. The test samples, about 7 in. 
by 12 in., contained two channels or grooves on each side, 1 in. and 1% in. 
wide, respectively, and % in. deep, reducing the normal thickness of 1 in. to 
7 in. at these grooves. In the test, the material flowed under the applied 
load, so that the grooves disappeared at a load of about 38,000 lb., when the 
thickness of the material was about 0.72 in. As the load was increased to 
250,000 lb., the thickness decreased at a fairly uniform rate to a final value 
of 0.20 in. By this time the filler had extruded in a thin sheet from all sides 
of the samples to a distance of 3 to 6 in. outside its original position. As might 
be expected, the material showed no recovery or return toward its original 
thickness when the load was removed. 

A second group of tests on the fillers was made in which enough load was 
applied to reduce the filler thickness 50 per cent. Such loads were applied and 
removed five times. The results are given in Table 13. It is seen that the 
required load became smaller at each application, due to yielding of the 
material. Extrusion of the fiber material was negligible; that of the J-8 joint 
was about *%e6 in. at the widest part of the specimen. 

These tests confirm manufacturers’ statements that fiber fillers can be 
provided which will have very little extrusion. The rapid increase in resistance 
to compression after the board has been compressed 50 per cent gives a very 
good idea of the forces required to compress such a joint in a pavement, and 
indicates clearly that joints with fiber fillers allow only a limited width for 
pavement expansion. The data on recovery of filler thickness after the removal 
of the load, while unfortunately very incomplete, show much less complete 
recovery than manufacturers usually claim. 


(i) Summary 


The air-chamber expansion joint has four principal objects: (1) to 
provide a space (34 in., every 90 ft., under 1937 Illinois specifications) 
for the pavement to occupy due to expansion and growth; (2) to keep 
this expansion space free from dirt, gravel, and other foreign material 
by means of a copper seal; (3) to provide means of transferring load 
across the joint, in order to preserve a smooth riding surface and to 
reduce stresses in the slab; and (4) to prevent surface water entering 
the subgrade through the expansion space. 
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Tests were made on eleven complete expansion joint assemblies, 
and on additional load transmission devices and joint fillers. The 
tests covered: (1) the strength and effectiveness of load transmission 
devices; (2) the anchorage of copper seals into the adjoining concrete 
slabs; (3) the resistance of the copper seals to fatigue due to repeated 
opening and closing of the joint; (4) studies of the tendency of joints 
to collapse and of leakage of concrete into the air chaimber during 
installation; and (5) compression tests of all joints, such as might 
occur with complete closure of the joint. These tests were not expected 
to duplicate the effects of traffic and weather on a joint in service; at 
best they formed a group of simple, comparative tests which deter- 
mined some of the important properties of the joints, but could not 
possibly duplicate many of the effects of conditions in service. 

It is difficult to make an accurate comparison of the various joints 
as a result of the tests, because out of the group of ten complete 
joints, only six had air chambers 34 in. or more in width, as requested 
for these tests (three of these were 1 in. wide, but contained soft 
asphalt spacing blocks). One of the others had a %-in. air chamber; 
the remainder, %%, %, or 34-in. asphalt-impregnated fiber fillers. In the 
load transmission test it is obviously easier to span a 14-in. gap than a 
34 or 1-in. gap; hence the test values give the narrow joints an ad- 
vantage they probably would not enjoy if all joint widths were equal. 
Similarly, in the opening-closing tests, the full closure of a 34-in. air- 
chamber joint was a far more severe treatment than the partial closure 
of the fiber-filled joints, which could not be closed to less than %¢- to 
¥%-in. width. 

It is probably impossible to give ratings to the various Joints on 
the basis of the laboratory tests. A brief summary, however, of the 
performance of the various joints in the load transmission tests, and 
in the fatigue tests of copper seals, gives information on the most 
essential features of the joints (Table 14). The joints are divided into 
two groups, those with air chambers °4 in. or more in width and those 
with fiber fillers or narrower widths. It is evident that a joint may 
have some excellent properties, but be sadly lacking in others. Re- 
garding the load transmission tests, it is important to note that the 
comparisons given are based on equal spacings of the several dowel 
units, since the test loads given are per linear foot of joimt, or per 
device at 12-in. spacing in the test piece. If any of the devices are 
used at wider spacings, this will modify the computed effectiveness 
shown. 

In summary, the following statements may be made concerning the 
individual joints, based mainly on the test results. 
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J-1. The copper seal on this joint appeared to be one of the best submitted 
for a %4-in. joint. The air chamber was tight but had variations in width. The 
L-1 load transmission unit developed high shear properties and fairly effective 
load transfer. The copper seal seemed well anchored, although field inspection 
showed some honeycombed concrete under seals, also splitting of seals under 
traffic. 


J-5. The copper seal on this joint appeared to be very susceptible to splitting 
and early failure. The seal could be well anchored, but provided a good chance 
for honeycombed concrete to occur. The air chamber was quite uniform in 
width and resistant to collapse. Tests of the L-1 load transmission device 
used with this joint verified the results obtained from tests of the J-1 joint. 


J-?. This copper seal, like the J-5, was of the M-type, but it showed better 
resistance to flexure than the J-5. The asphalt spacing blocks in the air chamber 
offered resistance, but permitted full closure with reasonable pressure. Mortar 
leaked into the air chamber. The L-10 dowel units used had fairly high shear 
properties and effectiveness, considering their use on a 1-in. joint width. The 
anchorage of copper seals was only average; it would probably produce honey- 
combing and spalling in service. 


J-4. This copper seal, of the M-type, failed fairly early under repeated flexing. 
Splitting along one of the top folds was prevalent. The conventional dowel bars 
gave good service, but their load deflection characteristics were not so good as 
those of the L-1 device. Anchorage of the seals seemed good, but the overhanging 
wings would probably cause honeycombing and spalling of concrete. 


J-3. These M-type copper seals appeared about as good as the J-7 seals in 
fatigue resistance, and better than the J-4 and J-5 seals. The L-5 unit was some- 
what stronger in shear, but more flexible than the conventional 34-in. dowel bar. 
Like the J-7 joint, the construction of this joint with asphalt filler blocks caused 
some resistance to closure; there was also leakage of mortar into the air chamber. 


J-2. The load transmission devices, which were an integral part of this joint, 
carried relatively low shear and showed large deflections, resulting in low effec- 
tiveness of load transfer. The copper seals failed rather quickly under repeated 
flexing. The anchorage of the seals was fair. The construction permitted leakage 
of mortar into the ends of the air chamber, and the asphalt spacers introduced 
some resistance to closure. 

J-6. This joint, with a 14-in. air chamber, showed high shear properties and 
effectiveness of its load transmission devices, and fairly good resistance of the 
copper seal to repeated flexing. The anchorage of the seals was good, and their 
design would probably result in fairly good bonding in actual road construction. 
The joint permitted some seepage of concrete into the air chamber during con- 
creting. There was some breakage of the gray iron dowel castings in handling, 
also at failure in the load transmission test. The soft rubber fillers used outside 
the copper seal at the ends of the joint appeared to be of doubtful permanence. 

J-9. The 1-in. dowel bars used in this joint produced high shear properties 
and rigidity in the load transmission test. This was also true of oval pipe dowels 
furnished as an alternate load transmission device. Analysis indicates that such 
dowels might be so stiff as to cause trouble when warping of slabs is present. 
The copper seal was not effective in resisting repeated flexing, and the friction 
tape provided for making the corner seals water-tight came loose at the first 
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closure of the joint. The narrow wings of the copper seal gave good anchorage. 
The %-in. fiber joint filler prevented full %4-in. closure of the joint. The fabrica- 
tion of this joint was such as to make it very heavy and awkward for field 
installation. 

J-10. The load transmission device in this joint had low shear properties and 
stiffness. The 114-in. plate dowel, evidently too narrow, promoted early splitting 
of the adjacent concrete slab. The projecting edges of the copper seal were not 
wide enough to secure adequate anchorage in the concrete. However, the copper 
seal was very resistant to repeated flexure, perhaps because it did not receive 
such severe punishment as most of the other seals, the 4-in. fiber filler permitting 
only about %4e¢-in. closure of the joint. This type of seal, enclosing a filler which 
prevents tight folds in the copper, showed good fatigue resistance. 

J-8. The conventional 34-in. dowel bar used in this joint gave slightly better 
results than that used in the J-4 joint. The wire dowel supports are a doubtful 
feature, since to be effective the dowels must be placed and maintained parallel 
to each other with a high degree of accuracy. The wires appeared to be easy 
to displace with a shovel, vibrator, or tamping tool. The copper seal gave low 
resistance to repeated flexing; apparently it acted satisfactorily until failure of 
the sheet steel liner inside the copper, then failed rapidly. The anchorage of the 
copper seals seemed to be adequate. The %4-in. fiber filler, as in the J-9 joint, 
prevented more than %4g¢-in. closure. The joint might be hard to handle and to 
align during construction. 

L-15 Load Transmission Device. This joint had no copper seal, and no air 
chamber. The bituminous premolded filler permitted a closure of about 0.3 in. 
when practically all of the asphalt had been extruded from the joint. The joint 
was stronger in shear, but more flexible, when the load transmission plates were 
in tension than when they were in compression. The results of the compression 
test indicated that this joint did not produce highly localized stress. The 14-gage 
steel plates which formed the load transmission members are very thin for use 
where exposed to moisture and resulting corrosion. 


L-11 Load Transmission Device. This unit, submitted without an accompany- 
Ing expansion joint, developed a shearing strength intermediate between the 
conventional %4-in. dowel bar and the L-1 unit. It exhibited high stiffness and 
effectiveness in load transfer. The manufacturer stated that both these units 
and the L-10 units were inadvertently furnished with dowel pins of soft steel. 
It is probable that the unit could be improved by using pins of stronger steel 
and by increasing the length of the wing anchors. 

L-16 Load Transmission Device. These dowels showed greater shearing 
strength in the load transmission test than those of any of the other devices 
tested. However, as tested, they were able to transfer load in only one direction 
across a joint. Hence, in service two dowels, faced in opposite directions, would 
be required to be equivalent to one dowel of the ordinary bar type. On this 
basis, the L-16 dowel is but slightly stronger in shear and of about the same 
effectiveness as a conventional 34-in. dowel bar. Such effectiveness is dependent 
upon accurate alignment of the bearing faces of the device during installation. 
The device is about 50 per cent heavier than the conventional *%4-in. dowel bar. 


‘ _ The foregoing discussions indicate that most of the fabricated 
joints had some very unsatisfactory features. The repeated opening- 
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closing tests of the copper seals, supplemented by observation of 
certain of the seals in highway service, indicate that none of the copper 
seals offers any assurance of lasting as long as the concrete pavement, 
particularly if the seal must be designed to provide for a 34-in. move- 
ment. Even if the seals remain unbroken, water and dirt can enter the 
joint from the subgrade. A satisfactory corner joint between top and 
end seals is another detail of these joints that is still to be developed. 
Since the copper seals are a vital and expensive feature of the air- 
chamber. joints, their performance should be practically perfect to 
warrant their use. 

Several of the load transmission devices appear to give satisfactory 
shearing strength and effectiveness, when carefully installed. This 
series of tests should indicate the deficiencies and defects to be cor- 
rected in some of these devices. However, it seems probable that the 
record of their performance in highway service will be the best indi- 
cation of the usefulness of such units. 

The use of mesh reinforcement, although touched upon very briefly 
in these tests, seems promising as a means of crack control and 
reduction in faulting and poor riding qualities of highway slabs. 


10. Illinois Division of Highways Tests. — When metal expansion 
and contraction joints were adopted for use in Illinois pavements, 
engineers in the Division of Highways were faced with an entirely 
new problem — testing the joints submitted for approval to determine 
whether they were suitable and satisfactory and could be expected 
under the anticipated conditions of service to remain serviceable and 
operative for the economic life of the pavement. There were no estab- 
lished methods of test or procedures to follow, no previous experience 
to serve as a guide. It was necessary not only to anticipate service 
conditions but to devise tests which, in a short time, would produce 
the results to be expected from years of actual service. Furthermore, 
new testing equipment and machinery had to be designed and built. 

It was natural, therefore, that the joint testing program of the 
Illinois Division of Highways, as in the case of any pioneer work, 
progressed through a period of development during which changes were 
made as dictated by experience. Much of this development work will 
not be reported here because its only value was that it furnished 
knowledge from which standard methods of tests were finally evolved. 
Most of the joints and load transmission devices considered by the 
Illinois Division of Highways were tested in accordance with methods 
sufficiently standardized to make the results reasonably comparable. 
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(a) Outline of Laboratory Tests 


It was the function of the tests to subject samples of joints to 
conditions as nearly similar to those to be anticipated in actual service 
as could be produced in the laboratory, and in such a manner that 
results could be obtained within a reasonably short time which would 
indicate with assurance how well the joint might be expected to meet 
requirements of actual service. While it was impossible to duplicate all 
of the destructive forces a joint must resist in actual service, it was 
possible in most cases to devise tests which would establish the relative 
behavior of different joints and furnish information which, when 
properly analyzed, would permit an estimate of the ability of a joint 
to stand up under service requirements. 

In general, the program included a test to determine the ability of 
the joint, or some auxiliary device incorporated in it, to transfer load 
from one slab to another; a study of the ability of the copper seal to 
withstand the fatigue caused by the constant flexing produced by 
expansion, contraction, and warping of the concrete; a study of the 
durability of the anchorage of the copper seal in the concrete; a study 
of the resistance of air chamber joints to collapse and deformation 
caused by pressures produced by placing and compacting fresh con- 
crete around them; and a study of the compressibility of the joints 
and joint material. 


(1) Loap Transmission Test. This test is in effect a calibration of the 
member whose purpose it is to provide mutual support between slabs, to 
determine the relation between shear and deflection; in other words, to 
determine the amount of load transferred for various amounts of deflection 
across the joint. The test specimens, 7 in. deep, 10 or 12 in. wide, and 38 in. 
long, were divided into three sections by two pieces of joint containing the 
load transmission feature or device, placed approximately at the one-third 
points of the specimen. When the load transmission feature was an integral 
part of the joint, sections of the joint were used to divide the specimen; when 
the load transmission device was a separate unit, sections of the joint or pieces 
of bituminous premolded fiber board were used. The width of joint was gen- 
erally %4 in., but in several instances % in. or 1 in. Wherever possible, the 
devices were placed with their axes coincident with the longitudinal axis of the 
specimen, although in a few cases it was necessary to stagger the two units 
because of their length. 

The concrete mixture generally used was designed for a compressive 
strength of 5,000 lb. per sq. in. at seven days, and the unit proportions were 
205 Ib. of sand, 343 lb. of 1-in. gravel, and 5.4 gal. of water per bag of high- 
early-strength cement. Extreme care was taken to assure dense concrete 
against the joint and around the load transmission devices. The concrete speci- 
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Fic. 60. Loan Transmission Test Specimen Ser Up in MacuIne 
Reavy For Trests (Ittinois Division or Highways Tests) 


mens were cured at 70 deg. F. and 95 per cent relative humidity until tested. 
Usually the specimens were tested at the age of seven days. 

In testing a specimen, its end sections were embedded in plaster of paris 
and portland cement mortar, on a test base which supported the end sec- 
tions and left the center section completely suspended by the load transmis- 
sion devices. In early tests, the support under the end sections extended from 
the end of the specimen to the joint; later the edge of the supporting plate 
was moved to a point 4 in. away from the joint to accommodate load trans- 
mission devices with wide bases. Loads of increasing magnitudes, usually in 
2,000-lb. increments, were applied to the center section, through a %4-in. steel 
plate bedded on the top of the section, until the specimen failed. Each load 
was applied and released five times before one of the next higher magni- 
tude was applied. Bending of the devices across the joints under the various 
loads was determined by means of micrometer dials. The properties of most load 
transmission devices were determined on the basis of the results from at least 
six test specimens, and were compared with results obtained from tests of 
load transmission devices of an approved type. Figure 60 shows a specimen 
in the testing machine ready for test, and the method used to measure deflec- 
tions across the Joint. 


(2) Openrnc-CLosine Tests or Copper Sears. This test was devised to 
determine the ability of the copper seals on expansion joints to withstand the 
repeated flexing produced by temperature changes in the concrete. In the 
test, a short section of joint 12 or 24 in. long, set in a concrete specimen, was 
subjected to alternate closing and opening until the seal had completely 
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failed or until sufficient data had been obtained to establish its ability to with- 
stand this action. Early tests were made in a shaper, that being the only 
machine available which would give the required reciprocating motion. Later 
tests were made in a specially designed hydraulic testing machine which pro- 
duces a slow, horizontal reciprocating motion and has an automatic reversing 
mechanism and an accurately adjustable stroke. This machine was also used 
in similar tests made by the University of Illinois. 

The procedure consisted of closing and opening the joint repeatedly and 
observing at intervals the number and extent of failures in the copper seal. 
The joints were completely closed except in the case of bituminous filled 
joints, which were closed to the point where the resistance to compression 
equalled the power of the machine. The action on seals only partially closed 
was less severe than when they were completely closed, which should be 
given due consideration in analyzing the test data. 

The test simulates, in an accelerated manner, the action of the joint 
during annual cycles of movement. The large number of daily cycles, which 
take place as pavement temperature changes from day to night, were disre- 
garded because those movements are small and it was thought they would not 
contribute to failure. It now appears, however, that daily movements may 
contribute in a large measure to failures caused by flexing due to temperature 
changes, particularly after the first annual cycle has bent the seal into a 
tight crimp. 


(3) ANcHoRAGE TESTS OF CoppER SEAL. The procedure used by the Divi- 
sion of Highways in making these tests was the same as the method used by 
the University of Illinois, described in sub-section 9(e) (see page 76), 
except that full depth specimens were not used. In the Division of Highways 
tests, the depth of the concrete specimen was made twice the actual distance 
from the surface of the pavement to the point where the flange of the copper 
seal entered the concrete. 


(4) InstaLtuation Trst. The procedure used by the Division of High- 
ways in making these tests was the same as that used by the University of 
Illinois, described in sub-section 9(g) (see page 85). 


(5) Compression Tests or Jornts. In the case of metal expansion joints, 
the procedure generally consisted of applying to the concrete specimen con- 
taining the joint sufficient compressive load to close the joint completely. 
Observations were taken at intervals of the load and the amount of closure. 
The load was not continued beyond that necessary to close the joints, because 
it was desired to use the specimens in the opening-closing tests. In the case of 
the J-1 joint specimens, the joints were closed various amounts corresponding 
to the theoretical maximum closing computed for joints placed at various 
seasons of the year. 

The procedure followed in testing joints with premolded fillers was quite 
similar to that used by the University of Illinois, a description of which is 
given in sub-section 9(h) (see page 87). 
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(b) List of Joints and Load Transmission Devices Tested 
The following expansion joints were tested as indicated: 


Tests Conducted 
Opening- Anchor- Installa- Compres- 


Type Closing age tion sion 

oI Cao ee Lah raat eto Oo 6 Ke x x 
rll eae Sac aOR Sa ee x 
EO Ce ee ke ee a x 
NaOR ee ee er a ie as X x x 
Jez (Are Chamber) oo. ess: x x 

Sec Cbit ehillied =a x x 
3 EE se arn ds On A ae x x x x 


Load transmission devices included in the program of tests were 
L-1, L-2, L-3, L-4, L-5, L-6, L-7, L-8, L-9, L-10, L-11, L-12, and the 
conventional dowel bar. 


(c) Load Transmission Tests 


When the continuity of a pavement slab is broken by a joint, two 
transverse edges are formed which, unless some means of mutual sup- 
port is afforded, may fail under the heavy wheel loads passing over 
them. There are three reasons for this. First, the corners formed by the 
intersection of the expansion joint with the center joint and the edges 
of the pavement are points of weakness. Second, in the thickened edge 
pavements, which comprise a large part of the system of highways in 
Illinois, the free transverse edges formed by a joint lie mostly in the 
thinner central portion of the pavement and are weaker than the outer 
edge of the pavement. Third, the dynamic effect of a wheel load roll- 
ing across a joint and being applied suddenly to the adjacent edge may 
approach 114 times that of the same load applied statically. A load 
transmission device, by affording mutual support between adjacent 
slabs, strengthens the edges and corners formed by a joint. 

The extent to which a device may perform that function depends 
on the ability of the device to transmit shear across a joint, and since 
the deflection of a pavement slab with normal subgrade support, under 
even the heaviest wheel loads permitted by statute, is relatively small, 
it is essential that a device be capable of transmitting shear with little 
deflection. It is also necessary that the elastic limit of a device, that is, 
the load at which definite permanent deformations begin to occur in 
one or more of the component parts of the device, be sufficiently higher 
than the anticipated shear to provide a reasonable factor of safety. A 


102 ILLINOIS ENGINEERING EXPERIMENT STATION 


device also should be designed so that it will not produce critical com- 
pressive stresses in the supporting concrete which will cause bearing 
failures, commonly called funneling, and thus destroy the ability of 
the device to transmit load. 

The load transmission tests made by the Illinois Division of High- 
ways, as has been stated heretofore, were in effect a calibration of the 
device to determine the relation between the shear transmitted and the 
deflection across the joint. From this calibration it is possible to de- 
termine by comparison the relative stiffness, yield, and stress-reducing 
properties of any load transmission device. By making certain assump- 
tions regarding subgrade support and pavement thickness, the relative 
ability of a device to transmit load across a joint in a concrete pave- 
ment may be predicted. 


(1) Data From Tests. The data obtained from the load transmission 
tests consisted of deflections and permanent sets corresponding to various 
amounts of shear. Generally, the values for deflection and permanent set 
were the average of five readings taken at each joint for each load, the load 
being expressed in pounds per device, assumed to be half the applied load, 
since the applied load was carried by two devices. 

As stated heretofore, a change was made in the test procedure during 
the period over which the tests extended. In earlier tests, the end sections of the 
specimen were supported for their full length, while in the later tests, the sup- 
porting plates were placed approximately 4 in. from the joints so that the 
end sections were supported for only two-thirds their length. This change 
in procedure, made necessary by the design of some of the devices submitted 
for test, had some effect on the results. For that reason, the data obtained 
by the two methods of tests will be presented separately. 

Table 15 gives the average deflections and permanent sets for those 
devices tested by the earlier method. Table 16 gives similar data for the de- 
vices tested by the later method. In all cases the values are the averages 
obtained from tests of the number of specimens indicated in the table. 


(2) Discussion or Test Resurts. In analyzing the test results, load 
deflection and load permanent set curves for the individual specimens, and 
composite curves representing the average results obtained from tests of a 
number of similar specimens, are of definite advantage. The characteristics 
of a load transmission device can be reasonably well predicted from the 
shape and slope of the curves and the magnitudes of load and deflection at 
various points on the curves. Also, by treating the data analytically, mathe- 
matical relations can be derived which make it possible to predict, at least 
comparatively, the amount of load transfer to be expected from a device 
under certain assumed conditions. 

The method of analysis may be best shown by an example. For this pur- 
pose, the average data obtained from all the tests of L-1 devices will be used, 
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Fic. 61. Averacr Loap DertectiIon AND PERMANENT Ser Curves For L-1 Loap 
TRANSMISSION Device (Iturnors Division or HicHways Tusts) 


many data being available for that device because it was used as a standard of 
comparison in tests of many of the devices submitted. Figure 61 is a graph 
showing composite load deflection and load permanent set curves obtained by 
averaging the results from all tests made on the wing anchor device. 

Referring to Fig. 61, it will be seen that both the deflection curve and the 
permanent set curve have the same general shape, the former having a 
flatter slope and its changes in curvature being more pronounced. Beginning 
at the origin, the load deflection ratio is relatively low, gradually increasing 
up to a load of 2,000 lb., from whence it remains constant up to a load of 
approximately 6,500 lb., from which point the load deflection ratio, or the 
slope of the curve, uniformly decreases up to approximately 9,500 Ib., the 
average load at which the concrete test specimens failed. 

During the lower end of the curve, the component parts of the device 
adjusted themselves and any play or lost motion was taken up. This is par- 
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ticularly characteristic of devices such as the wing anchor, which consist of 
a bar fitted into a metal socket. Devices such as the conventional dowel bar, 
when the bar is embedded directly in the concrete, do not always exhibit this 
lost motion, especially when the concrete is properly compacted around the 
bar. Where the curve indicates lost motion and a considerable portion of the 
curve lies in a straight line, as is the case in Fig. 61, the effective amount of 
lost motion can be determined by extending the straight line part of the curve 
to the abscissa and reading the deflection at the point of intersection. The 
lost motion indicated in Fig. 61 is 0.0065 in. 

For a considerable range in load, as indicated by the constant slope por- 
tion of the curve, elastic deformations occur, and it may be assumed that, 
so long as the loads which a device is required to carry in service are below 
the upper limit of this range, the device will not be damaged, provided of 
course that constant repetition of these loads does not introduce other factors. 
The upper limit of this range, or the point at which the deflection is no longer 
proportional to the load, may be called the elastic limit, as it is the point at 
which definite elastic failure begins. The elastic limit for the L-1 device, as 
shown in Fig. 61, is approximately 6,500 Ib. It is interesting to note that both 
the load deflection curve and the load permanent set curve are in close agree- 
ment in this respect. Obviously, the elastic limit must be higher than the load 
which the device may be required to transmit, in order for the device to be 
satisfactory, and the greater the difference between the two the greater the 
margin of safety of the device. 

All devices do not yield load deflection curves such as those shown in 
Fig. 61. Some, particularly the conventional dowel bar, give curves which 
have a gradual curvature beginning at the origin, probably due to a slight 
progressive failure of the concrete under the bar which has the effect of in- 
creasing the length of bar subject to bending. In those cases, the elastic limit 
is better indicated by the load permanent set curves, which are much less 
influenced by secondary failures than the load deflection curves. 

The slope of the straight line portion of the curve is of great importance, 
because it is a measure of the stiffness of the device. The stiffer a device, the 
more effective it is in transferring load, a fact that will be observed from 
an analysis of Table 17. It is desirable, in connection with analytical rela- 
tions to be discussed later, to express the stiffness as the deflection per pound 
of load, or the reciprocal of the slope of the load deflection curve. Referring 
to Fig. 61, the intersection of the straight line portion of the curve with the ° 
abscissa is 0.0065 in., and the deflection at a load of 6,000 lb. is 0.0338 in. 
The ratio of deflection to load then is (0.0338 — 0.0065) 6,000 = 0.00000455 
in. per Ib. Since some devices do not yield load deflection curves having a 
constant slope, it is necessary in those cases to evaluate the effect of slope by 
other means. This is covered fully in the discussion of the method for esti- 
mating the amount of load transfer by successive approximations, given 
later (pages 109-10). 

The ultimate load at which the concrete fails is a relative measure of the 


BUL. 365. JOINTS IN CONCRETE PAVEMENTS 107 


Fic. 62. SkercH SHOWING CoNDITION (EXAGGERATED) OF Loap TRANSFER THROUGH 
DoweL UNDER THE Loap P anp THE ResuLrant Suspcrape Reactions R, AND Jey 
THE Latter or Wuicu Aso Is THE AMOUNT oF Loap CarrIED THROUGH THE DoWwEL 


ability of the device to distribute to the concrete the reactions due to the load 
transferred. In this respect also it is essential that a device have a good margin 
of safety. The average load at concrete failure for the specimens containing 
wing anchor devices, as shown by Fig. 61, is approximately 9,500 Ib. 

Having determined these characteristics for any load transmission device, 
that device may be compared with a standard device whose performance 
has been established by successful use. They also may be used to determine, 
at least relatively, the performance a device may be expected to give in 
service, by substituting their numerical values in certain analytical relations 
developed by the Division of Highways. The derivation of these relations 
follows.‘ 

In Fig. 62 are shown two slabs, A and B, resting on an elastic sub- 
grade, separated by a joint and mutually supported by a load transmission 
device. Let 

P = Load on Slab A near the joint and directly above the load trans- 
mission device. 
R: = Resultant subgrade reaction under Slab A, or part of load not 
transferred through load transmission device. 
R: = Resultant subgrade reaction under Slab B, or part of load trans- 
ferred through load transmission device. 
d = Deflection of Slab A directly under Load P, which would occur if 
the load transmission device were absent. 
d: = Deflection of Slab A under Load P with load transmission device 
operative. 
dz: = Deflection of Slab B at load transmission device corresponding to 
ds in Slab A. 
s = Deflection of load transmission device in in. per lb. of load trans- 
mitted, as determined from the straight line portion of the load 


deflection curve. 
L = Lost motion in in., as determined from load deflection curve. 


7 The reader’s attention is called to the fact that this method of analyzing test results from 
load transmission tests was developed by the Illinois Division of Highways, independently of the 
method described in Section 9(d) (page 62), which was used by the University of Illinois to 
analyze their test results. This explains the difference in notation and terminology used in the 


two discussions. 


108 ILLINOIS ENGINEERING EXPERIMENT STATION 


Since for an elastic subgrade, the subgrade reaction is directly proportional 
to the slab deflections, the following relations can be written: 


d e dy 2 dy (5) 
iP Ry Rs 

Pad 
Ri — : (6) 

d 

Pd. 
R, = : (7) 

d 
dy a d> — d (8) 
Rit Re =P. (9) 


The difference (d:—d:) between the deflections of the two slabs repre- 
sents the amount of bending or deflection of the load transmission device in 
transmitting a load Re. From the load deflection curve this deflection is 
sR: + L. Equating these two expressions, 


sk, + L=d—d. (10) 
Substituting in (10) the value of d: from (8) 


d—sR,—-—L 
2 


= 


Substituting this value for dz in (7) and simplifying 


Pad, P (d — sRz — L) 


Re = = 
d 2d 
P(d—L) 

Rk, = —————_, (11) 
2d + sP 


To find the probable amount of load a device may be called on to trans- 
mit under given conditions, it is only necessary to substitute in (11) the 
proper numerical values for the wheel load, P, the deflection of a free slab, 
d, the lost motion, L, and the deflection per lb. load, s, determined from the 
load deflection curve. 

For the purpose of comparing various devices, P is assumed to be 8,000 
Ib.,* the maximum legal wheel load permitted by Illinois statutes. If it is 


8 This was the maximum legal wheel load in Illinois at the time this analysis was made. 


The law was amended in 1945 to permit an 18,000-Ib. axle load, which is the practical equivalent 
of a 9,000-Ib. wheel load. 
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desired to take into account dynamic effects of a moving wheel load, this may 
be done by multiplying the static wheel load by the proper factor. It has been 
found that relative values are changed but little by introducing corrections for 
dynamic loads, so, for simplicity, the static load is used here. 

The deflection of a free slab, d, is computed from the formula developed 
by Dr. H. M. Westergaard for the deflection of an unbroken edge under a 
concentrated load, 


q 0.433 P 
: AE (12) 
where 
d = deflection in in. at point of application of load. 
P = concentrated load applied to edge of slab. 
k = modulus of subgrade reaction. 
1 = radius of relative stiffness of slab. 


In this work d is computed for a 7-in. edge, since this is the thickness of the 
edges formed by a joint in the standard 9-9-7-9-9 pavement widely used in 
Illinois. A value of 50 lb. per cu. in., which corresponds to a relatively weak 
subgrade, is chosen for k, because a load transmission device is required to 
transfer more load under that condition than when the subgrade is more 
resistant. The deflection for a uniform 7-in. slab on a relatively weak sub- 
grade and an 8,000-lb. wheel load is 0.0523 in., as computed from Equa- 
tion (12). 

The use of Equation (11) is illustrated by the following computations for 
the L-1 device. The values for the various known quantities in the equation are 


P = 8,000 lb. 
d = 0.0523 in. 
L = 0.0065 in. 


s = 0.00000455 in. per lb. 


Substituting these values in (11), 


8,000 (0.0523 — 0.0065) 
Ry = = 2,596 Ib. 
0.1046 + 0.00000455 X 8,000 


In other words, the L-1 device, under the conditions assumed, would be 
required to transfer 2,596 lb. of an 8,000-Ib. static wheel load, or 32.4 per cent. 

The load transfer for a device also may be determined by the method. of 
approximation. With this method, the load transfer is computed for an 
arbitrarily assumed deflection across the joint, and the deflection from the 
load deflection curve corresponding to this amount of load transfer is com- 
pared with the assumed deflection. This procedure is repeated until a load 
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transfer is found whose corresponding deflection from the curve is the same 
as the assumed deflection. The method is applicable to any load deflection 
curve, but is generally used where the curve has no straight line portion 
which will permit the constants for Equation (11) to be determined. How- 
ever, for the purpose of illustrating the method, it will be used to check the 
value for load transfer computed by Equation (11) for the L-1 device. 

For the first approximation, assume a deflection of 0.022 in. Then 


dy = do = 0.022 
di + dz = 0.0523 
2d, = 0.0743 
d, = 0.03715 
dy = 0.01515 
Pad, 8,000 X 0.01515 
R; = = = 2.317 lb. 
d 0.0523 


Referring to the load deflection curve in Fig. 61, the deflection corresponding 
to this load is 0.017 in., which does not agree with the assumed deflection, 
0.022 in. 

As a second approximation, assume a value of 0.020 in. Then, 


d, — d, = 0.020 
d, + d, = 0.0523 
2d, = 0.0723 
d, = 0.03615 
d, = 0.01615 
8,000 X 0.01615 
Ry = = 2,470 lb. 
0.0523 


and the corresponding deflection from Fig. 61 is 0.0178 in., which is not a 
sufficiently close check. 
As a third approximation, assume a deflection of 0.0184 in. Then 


d; — d, = 0.0184 
d, + dz = 0.0523 


2d, = 0.0707 
d, = 0.03535 
d, = 0.1695 
8,000 X 0.01695 
Ry = = 2,593 lb. 
0.0523 


which corresponds to the assumed deflection as closely as the curve can be 
read. It is interesting to note that this value is within 3 lb. of that computed 
from Equation (11). 
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Having determined the elastic limit of a device and computed the prob- 
able load transfer, one may compute the safety factor by dividing the 
elastic limit by the load transfer. For the L-1 device this is 6,500 divided by 
2,596, which equals 2.50. The safety factor with respect to concrete failure is 
9,500 divided by 2,596, or 3.66. The percentage of an 8,000-lb. static wheel 
load which the L-1 device may be required to transfer under assumed condi- 
tions has already been shown to be 32.4. 

All these characteristics, important in deciding whether a device is satis- 
factory, should be considered collectively. For instance, one device may show 
a higher load transfer than another, but when the elastic limits are also con- 
sidered, the second device may be superior. This is true of the conventional 
dowel and the L-1 device. The former has a load transfer of 39.1 per cent, or 
3,128 lb. of an 8,000-lb. static wheel load, and an elastic limit of 3,000 lb. The 
latter has a load transfer of 32.4 per cent, or 2,596 lb. of an 8,000-lb. static 
wheel load, and an elastic limit of 6,500 Ib. It is readily seen from these 
figures that, comparatively at least, the conventional dowel bar is in danger 
of elastic failure when transmitting the computed load, while the wing anchor 
device has a considerable margin of safety. 

The percentage of load transfer is also an indication of the efficiency of 
a device in transferring load. If a device is 100 per cent efficient, it will trans- 
fer 50 per cent of the applied load, assuming that only one unit is active. 
Hence, if the computed percentage of load transfer is divided by 50 per cent, 
it will give the efficiency of the device in terms of the theoretical maximum. 
For example, the efficiency for the L-1 device is = = 0.65. This ratio is 
analogous to “relative effectiveness” used in the discussion of the results of 
the University of Illinois tests. 

The average characteristics of the load transmission devices tested by the 
Division of Highways, obtained by analyzing the average data from all tests, 
are given in Table 17. It is important to note that the devices shown in the 
upper part of the table were tested with the end sections fully supported by 
the steel plates, while in the tests of the others the supporting plates were set 
back 4 in. from the joints. There are no data to establish the effect of the 
position of the supporting plates, but it is believed that fully supported end sec- 
tions will give higher values for load transfer and elastic limit. The joint width 
used in the tests was %4 in., except for the L-5 and L-6 devices. The L-5 
device was tested with a 1-in. joint; the L-6 device with both %- and 1-in. 
joints. When no values were given for L and s, these characteristics could not 
be determined from the test data. The importance of joint width, or the span 
through which a device operates, is clearly shown by the results from tests 
on the conventional dowel across %-in., %4-in., and 1-in. joints, respectively. 
Both the percentage of load transfer and the elastic limit vary inversely with 
the joint width. 
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(d) Opening-Closing Tests of Copper Seals 


Because, as stated heretofore, the test procedure was not exactly 
the same and observations were not made at the same cycles for all 
specimens, it is not possible to present the test results in the same 
manner as for the University tests in which a standard test procedure 
was followed. Test results given in Tables 18 to 23, inclusive, show 
the distance each specimen was opened and closed; the number of 
cycles at which first failure and total failure occurred in the soldered 
junction between the top seal and the end seals, if the joint possessed 
this feature; the number of cycles at which the first crack occurred 
in the copper; the total number of cycles to which the joint was 
subjected; and a description of the final condition of the copper seal. 


(1) J-1 Expansion Jornt. The data for this joint are given in Table 18. 
It will be noted that the initial failures of the soldered junction between top 
and end seals occurred much earlier on Specimens 1, 2, and 3 than on the 
remainder of the specimens. The junction on the joints in Specimens 1, 2, 
and 3 was made by mitering the top and end seals, butting them together 
and soldering. This made a weak junction because the solder had to take all 
the strain. In the other specimens, the top seal was lapped and soldered over 
the end seal. That this construction strengthened the corner is shown definitely 
by Table 18; failures in the lapped junctions occurred only after a large 
number of cycles of opening and closing, while the butted junctions all failed 
during the first few cycles. Strengthening the junction between the top and 
end seals, however, resulted in the strains around the corner being transferred 
to the copper in that vicinity. Cracks in the copper developed earlier in the 
joints with the lapped corners, and the first cracks invariably occurred 
immediately adjacent to the laps. Any failure in the vicinity of the junction, 
whether in the solder or copper, had the effect of relieving the strain at that 
point. Only Specimen 7, of the seven specimens with lapped corners, showed 
total failure of the soldered junction and that occurred at 3,000 cycles. In the 
others of this type, the cracks in the copper adjacent to the soldered laps 
relieved the strain so that the solder did not fail. On the other hand, in two 
out of three of the specimens with mitered and soldered junctions, total failure 
of the soldered joint occurred well in advance of the first crack in the copper. 

In all but one case, the first crack in the copper occurred at a much 
ereater number of cycles than the minimum required by the specifications. 
While subsequent developments, which are discussed in Chapter IV (page 
139), showed conclusively that this test was not nearly so severe as the forces 
which act on a joint in a pavement, since it was found from field surveys 
that none of the seals withstood those forces, at the time of the tests this seal 
was judged to be satisfactory. Test results show that this Ces superior 
to others tested, as may be seen from a study of Tables 18 to 23, inclusive. 


(2) J-2 Arr CHAmBeEr Joint. Data for this joint are given in Table 19. 
The measured expansion space was % in. Two of the joints were closed and 
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TABLE 18 
RESULTS oF OpENING-CLosinG TEsTs ON J-1 Expansion JOINT 
(Illinois Division of Highways Tests) 
Soldered Junction 
6 Move- ei Total 
Se pee First | Total enter Cycles Final Condition 
Con- failure | failure Run 
struction 
in. cycles | cycles | cycles 
1 4% Mitered 1 389 |1,200 2,800 Total length of cracks, 6 in. 
(around soldered junction). 
2 % Mitered 3 113 740 3,000 Total cracks 11% in.; longest 1 in. 
3 290 Mitered 1 — 400 3,000 Total cracks 1 in. 
4 5% Lapped 214 — 52 2,800 Four cracks totaling 3 in. around 
soldered junction. 
be 34 Lapped 43 — 137 3,000 Total cracks 34 in. 
6 1346 Lapped 45 —_— 30 3,000 Badly damaged. 
a 1346 Lapped 100 |3,000 580 3,000 Soldered junctions failed com- 
pletely. Total cracks in copper 
2 in. 
8 1546 Lapped 28 — 990 3,035 Soldered junctions badly dam- 
aged. Total cracksin copper 3in. 
9 1\6 Lapped 70 —= 200 ~} 3,000 ay cracks in copper totaling 
3 ) in. 
10 146 Lapped 100 3,000 Ten cracks in copper totaling 
5\% in. 
TABLE 19 
RESULTS OF OPENING-CLOSING TESTS ON J-2 EXPANSION JOINT 
(llinois Division of Highways Tests) 
Tees A Actas 
Qneae ) ove- opper 
aoe Joint | ment | Failure ees TinaleGondivion 
ft. in. cycles 
1 2 34 18 375 Complete failure of seal; total length of cracks 23 in. 
2 1 1546 26 162 Complete failure of seal; total length of cracks 12 in. 
3 il 1546 6 143 Complete failure of seal; total length of cracks 12 in. 
4 3 34 135 Seventeen cracks in copper totaling 3634 in.; total 
failure. 
TABLE 20 
RESULTS OF OPENING-CLOsING TESTS ON BITUMINOUS-FILLED, 
CoppER-SEALED J-2 Expansion JOINT 
(Illinois Division of Highways Tests) 
M A a 
q a swLovemen opper 
Specimen Failure Ce Final Condition 
in. cycles 
1 % 15 40 Complete failure. 
2 % 41 78 Complete failure. 
3 6 32 79 Complete failure. 
as A 96 172 Complete failure. 
| 
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opened % in., and for the other two the closure was 1546 in. The joints in 
Specimens 1, 2, and 3 had a plate and sleeve type end closure, with a copper 
clip to seal the crack between it and the top seal. This clip was not satis- 
factory, because it was bent out of shape during the first closing and subse- 
quently did not cover the opening. The localized strains near the ends of the 
top seal, which were produced in other joints by soldering copper end seals 
to the top seal and were the cause of the initial failures, were not present in 
this joint. Nevertheless, initial failures occurred at from six to 26 cycles. The 
joint in Specimen 4 had copper seals butt jointed and soldered to the top seal. 
Complete failure of both soldered corners occurred during the second cycle, 
and the initial failure in the copper occurred at eight cycles. The tests were 
continued until the seal had failed completely. Complete failure of the speci- 
mens occurred at 135, 148, 162, and 375 cycles. 


(3) Brrumrnovus Fiuiep J-2 Expansion Joint. The seal on this joint 
was enclosed in a block of bituminous premolded mastic which permitted only 
limited movement. The specimens were first compressed from % to % in., 
the joints reopened, the mastic above the seal removed and the seal cleaned 
with a solvent so that it could be observed during the opening-closing test. 
The top and end seals were fitted by mitering but the junction between them 
was not soldered, the mastic beg expected to seal the opening at that point. 
The results of tests on four specimens are given in Table 20. Initial failures in 
the copper occurred at from 15 to 96 cycles. Complete failure of the seal 
developed very early; in one specimen at 40 cycles, one at 78 cycles, one at 
79 cycles, and the other at 172 cycles. The early failures were attributed to 
the distortion of the seal caused by the action of the bituminous material 
beneath it when the joint was closed. The action undoubtedly produced severe 
strains in the copper. 


(4) J-4 Expansion Jornv. The test results for six specimens containing 
this point are given in Table 21. The junction between the top and end seals 
on this joint was a soldered lap, and this construction produced severe strains 
in the vicinity of the junction. In every specimen, the soldered junction 
failed completely during the first cycle. The trough of the seal, which was 
made in the form of the letter M, was shallow, and after the first closure it 
remained closed so that all the movement was taken up by one or the other 
of the folds at the top.of the seal. This concentration of movement at one 
point caused failures in the copper to develop early. One specimen had its 
first failure at 16 cycles, and the other five specimens failed initially at 10 
cycles or less. Complete failure of the seals occurred at from 100 to 150 cycles. 


(5) J-6 Expansion Jorn. The results of tests of four specimens con- 
taining this joint are given in Table 22. The copper seal on this joint was 
continuous over the top and ends, the seal being drawn on a 3-in. radius at 
the corners and extending down the ends to the bottom of the jot. However, 
only Specimens 3 and 4 contained joints complete with end seals, the joints 


116 ILLINOIS ENGINEERING EXPERIMENT STATION 
TABLE 21 
ReEsuuts of OpENING-CLosine Tests on J-4 Expansion JOINT 
(Illinois Division of Highways Tests) 
Soldered Junction 
First 
Speci- Move- Cc Total ‘1 at: 
; First Total opper Final Condition 
men ment filers relies Haale Cycles 
in. cycles cycles cycles 
1 2Vo 1 1 6 103 Complete failure of copper seals. 
2 2Vo 1 1 1 100 Complete failure of copper seals. 
3 % 1 i 10 112 Complete failure of copper seals. 
4 210 1 1 10 110 Complete failure of copper seals. 
7 5% 1 i 2 130 Complete failure of copper seals. 
6 5% 1 1 16 150 Complete failure of copper seals. 


in Specimens 1 and 2 having only a top seal and being open at the ends. The 
effect of the end seals in introducing additional strains in the copper is per- 
fectly obvious from the test results. Specimens 1 and 2, without end seals, 
showed initial failures at 80 and 38 cycles, respectively, while initial failures 
occurred in Specimens 3 and 4, with end seals, at five and three cycles, 
respectively. All the specimens were run to complete failure of the seal, which 
occurred at from 157 to 328 cycles, three of the specimens failing at less than 
200 cycles. The results indicate that the end seals undoubtedly influence com- 
plete failure much less than initial failure, because once failures occur in the 
vicinity of the junction between top and end seals the additional strain is 
relieved, and from there on the joint acts like one without end seals. 


TABLE 22 


ReEsvutts of OpEninG-CLosina Trsts on J-6 Expansion JoInT 
(Illinois Division of Highways Tests) 


First 
Specimen Movement ee é a net Final Condition 
in. cycles 
ike Ho 80 328 Complete failure of seal. 
21 3% 38 174 Complete failure of seal. 
3? lo 5 157 Complete failure of seal. 
42 3% 3 186 Complete failure of seal. 


1 Specimens 1 and 2 contained joints without end seals; joints 12 in. long. 


* Specimens 3 and 4 contained joints with t i i ; 
feateieye in ick! J op and end seals drawn from one piece of copper; 
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(6) J-8 Expansion Jornr. Four specimens containing this joint were 
tested; results are given in Table 23. It was desired to make the tests with 
the bituminous joint material in place, in order to determine its effect on the 
copper seal. The shaper did not have sufficient power for the test and the 
special hydraulic machine had not been built at the time, so a method was 
devised whereby the test could be made in a universal testing machine. The 
method was very slow and laborious; only about 20 cycles could be run in one 
day. For that reason, the tests were not carried to complete failure of the 
seal, but were stopped after major failures developed. Specimens 1, 2, and 3 
were tested in this manner. In testing Specimen 4, the bituminous filler was 
removed from the joint after initial compression in the testing machine, the 
specimen placed in the shaper, and the test continued until the copper seal 
failed completely. 

Table 23 shows that initial failure occurred in Specimens 1, 2, and 3 at 36, 
18, and 20 cycles, respectively, and at 42 cycles in the case of Specimen 4. 
Specimens 1 and 3 were run 150 cycles and the test on Specimen 2 was 
stopped at 100 cycles. All these specimens contained major failures in the 
seals at that time. Table 23 shows that Specimen 4 failed completely at 1,201 
cycles, but major failures had developed much earlier. For instance, at 132 
cycles four failures aggregating 6 in. in length had developed, or, in other 
words, the seal was split for one-third its length. 


TABLE 23 


RESULTS OF OPENING-CLOSING TESTS ON J-8 EXPANSION JOINT 
(Illinois Division of Highways Tests) 


] 
pees 
Movement opper : “5 
Specimen Failure a ae Final Condition! 

in. cycles 
1 3% 36 150 Five cracks in copper seal; major failures, 
2 x 18 100 Two major failures. 
3 % 20 150 Three major failures. 
4 ‘46 42 1,201 Complete failure of copper seal. 


1Qn all specimens, the soldered junctions between top seal and end seals failed completely 
during first cycle. 


(e) Anchorage Test of Copper Seals 


The results of the anchorage tests are given in Table 24. The J-1 
seals in four specimens failed in tension along a line through the 
perforations in the flange where the section is reduced. The average 
maximum load to produce failure was 2,128 lb. per ft. of joint. Loads 
for individual specimens varied from 2,030 to 2,270 lb. per ft. 

Failure of the specimens containing J-2 seals occurred at an aver- 
age maximum load of 1,660 Ib. per ft. Individual specimens failed at 
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TABLE 24 


Resutts or ANCHORAGE TESTS ON ExpANsIon JoINT SEALS 
(Illinois Division of Highways Tests) 


Load, lb. per ft. 
BU Remarks 
At ; Average 
initial slip Maximum | maximum 

J-1 Expansion Joint (FLANGE EMBEDMENT 14 In.) 
i Not recorded 2,030 All seals failed in tension at point of mini- 
2 Not recorded 2,120 mum section along line of perforations in 
3 Not recorded 2,090 flange. 
4 Not recorded 2,270 2,128 

J-6 Expansion Jornt (FLANGE EMBEDMENT 1i\6 IN.) 
1 2,230 3,190 Copper failed by tearing. 
2 2,000 2,760 Copper failed by tearing. 
3 1,800 1,950 2,633 Failed by flange lugs pulling out of concrete. 

J-2 Arr-CHAaMBER JOINT (FLANGE EMBEDMENT 34 IN.) 
1 Not recorded 1,380 In all specimens the flange of the seal pulled 
2 Not recorded 2,350 out of the concrete. 
3 Not recorded 1,567 
4 Not recorded 1,393 1,660 

J-4 Expansion JOINT (FLANGE EMBEDMENT ¥% in.) 
1 Not recorded 1,890 In all specimens the concrete cracked and 
2 Not recorded 1,980 the seal pulled out. 
3} Not recorded 2,050 
4 Not recorded 2,090 
i Not recorded 2,190 
6 Not recorded QR27) 
i Not recorded 2,050 
8 Not recorded 2,260 2,099 


loads of 1,380 to 2,350 lb. per ft., the copper seal pulling out of the 
concrete in every case. Failure in bond was preceded by a tearing of 
the small triangular projections on the flange of the seal, whose 
purpose was to develop mechanical bond. It may be concluded, then, 
that initial failure was by tearing of the copper. Had the design of 
the flange been properly balanced, the test results, without question, 
would have been higher. In this connection, it should be noted that the 
flange on the J-2 joint was narrow, not providing the same depth of 
embedment as the seals on some of the other joints. 

Failure of the eight J-4 specimens occurred at loads ranging from 
1,890 to 2,275 lb. per ft. of joint, the average load being 2,099 lb. per 
ft. In every case, failure occurred by cracking of the concrete beneath 
the seal, allowing the flange to pull out. 
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In testing the specimens containing J-6 joint seals, it was noted 
that initial failure was of the nature of a slip between the copper and 
the concrete, which occurred at loads somewhat below those which 
produced ultimate failure. The load at initial slip varied from 1,800 
to 2,230 lb. per ft. of joint. After initial failure, the load became 
eccentric, the final failure being both in bond and tension, which 
resulted in a pulling out and tearing of the lugs which formed a part 
of the flange. Ultimate failure occurred at loads from 1,950 to 3,190 lb. 
per ft., or an average of 2,633 lb. 

While it is not to be expected that the seals on expansion joints 
will be straightened out and placed under tension as in the tests, 
nevertheless the test results are valuable in that they show, in a 
relative way, how well a seal may be expected to resist tensile forces 
induced by the pressure of heavily loaded wheels acting through ac- 
cumulations of foreign material packed around the seal. It appears 
from the test results that, if the concrete is properly compacted around 
the seals, no trouble in this respect should be experienced from any of 
the joints. It is pointed out, however, that honeycomb and slumping 
of the concrete under the seal will have a proportionately greater effect 
with short flanges than with flanges which provide deeper embedment. 


(f) Installation Test 


The first metal joints installed in Illinois in 1932 and 1933 had no 
internal support to augment the stiffness of the side walls, it being 
thought that the metal walls were rigid enough to resist the pressures 
produced by placing, compacting, and finishing the concrete adjacent 
to the joint. Subsequent field investigations proved this assumption 
to be untrue, as many joints were found in which the available space 
for expansion had been seriously reduced by collapse of the side walls. 
The manufacturers furnishing joints were required to correct this 
defect, and in every case it was done by using some kind of sepa- 
rator, usually a channel-shaped member placed midway between the 
top and bottom of the joint and extending the full length of the Joint. 

The installation test, described in sub-section 9(g) (page 85), 
was devised to determine how well a joint would resist collapse under 
conditions similar to those encountered in actual practice. The results 
of tests made on the J-1 and J-4 expansion joints are given in Tables 
25 and 26, respectively, and on the J-6 expansion joint in Tables 27 
and 28. The values in the tables are the measured joint widths, in 
32nds of an inch, at various points after the joint was placed in con- 
crete. Since the measurements naturally included any variations from 
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TABLE 25 


DISTANCE BETWEEN SIDE WALLS oF J-1 EXPANSION JOINT 
AFTER INSTALLATION TEST 
(UJlinois Division of Highways Tests) 


Distance-from Distance from East End of Joint, in. 
Bottom 
in. 2 6 10 | 14 | 18 | 22 | 26 | 30 | 34 | 38 | 42 | 46 | 50 | 54 | 58 
6 28 | 28 |-28 | 28 || 28) 27 | B77) 279) 27 |) 27 268265264026 71526 
5 25 | 25 | 25 | 24 | 24 | 26 | 24 | 23 | 23 | 25 | 24 | 24 | 24 | 23 | 23 
4 26 | 26 | 26 | 25 | 25.) 25.| 25 | 23-| 24 | 25 | 24 | 24.) 24 | 24 | 24 
3 25 | 25 | 25 | 24-| 24 | 25 | 25 | 24 | 25 | 25 | 25 | 25 | 25 | 25 | 24 
2 24 | 24 | 24 | 23 | 23 | 23 | 23 | 24 | 24 | 24 | 25 | 24 | 25 | 25 | 25 
1 24 | 24 | 24 | 23 | 25 | 23 | 23 | 23 | 24 | 24 | 24 | 24 | 25 | 25 | 25 


Nore: Values are in 32nds of an in. Nominal width 24. 


TABLE 26 
DISTANCE BETWEEN SIDE WALLS oF J-4 EXPANSION JOINT 
AFTER INSTALLATION TEST 
(Illinois Division of Highways Tests) 


Distancetironn Distance from East End of Joint, in. 
Bottom 
in. 3 74% 12 |16%| 21 | 25%] 30 |34%] 39 |438%4| 48 |5214| 57 
5 (4) 26 26 Q) 26 26 Q) 27 20 (4) 20 Py Q) 
4 24 26 28 26 27 26 Q) 26 26 24 26 26 () 
3 25 27 27 24 26 26 25 26 26 26 26 26 (1) 
2 26 26 26 25 26 26 26 26 26 26 26 25 (1) 
1 25 24 24 24 25 26 25 25 25 25 25 26 26 
0 24 24 24 24 24 25 25 25 25 24 25 26 24 


Nore: Values are in 32nds of an in. Nominal width 24. 
1 Broken or honeycombed; reading not taken. 


the nominal width which might have existed before the test was made, 
a value greater than the nominal indicates that the joint probably 
was wider than the nominal at the time of installation. Hence, varia- 
tions from maximum to minimum probably indicate fairly closely the 
maximum collapse. 

The J-1 joint, in addition to the support afforded by the closed 
top and bottom of the stool, was provided with a horizontal channel 
separator, vertical channel separators in the ends of the stool, and 
metal ferrules where each load transmission device passed through the 
joint. The nominal expansion space in this joint was 34 in. at all points 
measured, except along the line 6 in. above the bottom, where the 
nominal space was 7% in. Since the actual expansion space shown in 
Table 25 is given in 32nds of an inch, a value of 24 for any point 
5 in. or less from the bottom, or 28 for points 6 in. from the bottom, 
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Indicates that no collapse took place. The measurements indicate the 
maximum amount of collapse was 345 in., and at most points the 
collapse was 14. in. The minimum available expansion space was 
23/5 in. 

Support for the side walls of the J-4 expansion joint was afforded 
by the closed bottom of the stool, dowel ferrules, and a continuous 
horizontal channel separator. The nominal width of the joint was 
%4 in., hence in Table 26 a value of 24 indicates that no collapse 
occurred. It will be noted from Table 26 that most of the readings 
were greater than 24 and none less than 24. The maximum collapse, 
as indicated by the range in readings, was 1% in., but in most cases 
the maximum collapse was 44g in. and the average collapse was 4» in. 
After the test, the minimum available expansion space was %4 in., 
indicating that the original width of the joint had been greater than 
the nominal. 

Tests were run at different times on two samples of J-6 expansion 
joint. Both samples received principal support from dome-shaped 
indentations in the side walls which, when placed together, held the 
side walls apart. The first sample submitted had one row of separators 
4 in. from the bottom, spaced about 2 ft. apart, and a row 14% in. from 
the bottom, spaced alternately 11 in. and 24 in. apart. This sample 
failed badly in the installation test. As shown by Table 27, the ex- 
pansion space at one point was only 4. in., as compared with a 
nominal width of 14 in. At one-third of the points where measurements 
were made, the expansion space was reduced to half or less of the 
nominal. 

The second sample had a row of separators 4 in. above the bottom, 
spaced 12 in. apart, and a second row 1% in. above the bottom, spaced 
6 in. apart. It also received additional support at the bottom from a 
plate spot-welded to the two side walls. Table 28 shows that the 
additional strengthening improved the joint materially. The minimum 
available expansion space after test was *4¢ in., as compared with a 
nominal space of % in. The maximum collapse as indicated by the 
range in readings was % in., but the average was about %4¢ in. Al- 
though an improvement over the first design, the second sample could 
not be considered satisfactory, when almost 40 per cent of its available 
expansion space was destroyed during installation. In both samples a 
considerable amount of mortar had seeped into the joint and deposited 
on the bottom, streaks on the side walls indicating that it had entered 
under the copper seal, which was merely set between the side walls and 


held in place by friction. 
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(g) Compression Tests 


The test results for metal expansion joints are given in Table 29. 
Since the loading was not continued until concrete failure occurred, 
the tests do not provide information as to the effect of the joints on the 
resistance of the concrete slab to axial compression. The University 
tests indicated that concentrated stresses, probably due to collapsed 
separators and ferrules not permitting the faces of the joint to come 
together in uniform contact, were responsible for early failures. The 
results of Table 29 show that the loads per foot required to close the 
various joints fully were for the most part fairly uniform and not un- 
reasonably large. Several of the joints closed under relatively light 
loads, especially Specimen 6 containing a J-2 joint and Specimens 1, 2, 
3, and 4 containing the J-6 joint. These joints did not possess sufficient 
resistance to lateral pressures. The J-2 joint in Specimen 6 was an ex- 
perimental sample submitted for test. It had no intermediate separa- 
tors and so obviously lacked stiffness that an installation test was not 
made. Specimens 1, 2, 3, and 4 contained sections of the first J-6 joint 
submitted, which collapsed badly under the installation test. 

The premolded bituminous cap was left in place during the tests of 
Specimen 4, J-1 joint, and Specimen 5, J-6 joint. Loads of more than 
26,000 lb., or twice that, applied to any of the specimens tested with 
the cap removed, were required to close these joints, showing that the 
resistance added by the cap was quite large. The real seriousness of 


TABLE 29 


CoMPRESSION TESTS ON SPECIMENS ConTAINING Mrtaut Expansion JOINTS 
(Illinois Division of Highways Tests) 


Average Total Average Total 
Typ © Speci- Closure Load Typ ¢ Speci- Closure Load 
Joint exe in. Ib. Joint ay in. lb. 
-1 1 lio 9,000 J-2 1 2549 13,890 
? 2 he 11,720 ‘Air 2 2340 16,905 
3 172 15,270 Chamber 3 2340 11,070 
4 1949 26,590 4 2340 11,815 
5 Ne 11,000 5 2389 7,740 
6 199 10,000 6 16 3,375 
4 1549 10,000 
1 J-4 1 2i%o 12,970 
8 30 10,000 LM ie a 000 
- 5 1,150 3 210 iy, 
as 3 Be 47090 4 aio 12/000 
3 1% 2,540 5 2Veo 10,330 
4 3% 5,780 6 ae aoe ana 
1 of 2 
: se Shed 8 146 10,000 
9 2'eo 10,000 


Nore: Joints in J-2 specimens 1 and 2, 24 in. long; all others 12 in. long. 
1 Tested with bituminous cap in place; maximum extrusion of cap 1% in. 
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this added resistance is that the pressure is concentrated at the top 
edge of the slab. This condition, which may occur in service long 
before a joint becomes fully closed, because of the accumulations of 
dirt which gather in the top of the joint, may account for at least some 
of the spalling of concrete found along the joints. 

The results of compression tests on expansion joints with premolded 
fillers are given in Tables 30 and 31. Table 30 gives the results for 
specimens which were progressively compressed until the concrete 


TABLE 30 


Compression Tests or Mrrat SEALED PREMOLDED EXPANSION JOINTS 
(Illinois Division of Highways Tests) 


Thicke alondeat Concrete Failure 
Soeci ness Gane : ee ie Se Se 
: peci- to) rigina ipti i 
OLN men Filler | Thickness | Closure Load Bt a BOSE 
in. lb. in. lb. 
J-10 1 4% 16,000 0.353 200,000 Concrete split along plane 
(4-in. x 14%-in. of plate dowel. 
dowel plate) 2 4% 16,000 0.365 200,000 Concrete split along plane 
of plate dowel. 
3 4% 20,000 0.351 190,000 Concrete split along plane 
of plate dowel. 
J-10 1 Be Se ake te 0.245 100,000 Concrete split along plane 
(Dowel plate of plate dowel. 
part of side 2 4% 50,000 292 147 ,000 Concrete split along plane 
walls) of plate dowel. 
3 4% 50,000 0.266 130,000 Concrete split along plane 
of plate dowel. 
J-8 1 4% 32,000 0.323 90,000 Concrete badly split at 
several points.! 
2 4% 35,000 0.370 145,000 Concrete badly split at 
several points.! 
3 4% 36,000 0.358 165,000 Concrete badly split at 
several points.t 
4 4% 36,000 0.379 190,000 Concrete badly split at 
several! points.! 
W=105 = il % 16,000 0.347 96,500 Concrete split along plane 
(244-in. x Me-in. of plate dowel. 
dowel plate) i % 20,000 0.349 129,000 Concrete split along plane 
of plate dowel. 
3 % 16,000 0.344 83,000 Concrete split along plane 
of plate dowel. 
4 % 20,000 0.290 41,910 Concrete split along plane 
of plate dowel. 
5 4% 16,000 0.367 150,000 Concrete split along plane 
parallel to plate dowel. 
pJ-10) 6 1 25,000 0.664 80,000 Concrete split along plane 
ete (ain. of plate dowel. 
owel plate) ii 1 25,000 0.667 96,780 Concrete split along plane 
of plate dowel. 
8 1 25,000 0.659 98,000 Concrete split along plane 
of plate dowel. 
9 5 || ers se 0.516 40,000 Concrete split along plane 
10 of plate dowel. 
Loy ~ TP Ayasinee 0.461 30,000 Concrete split along plane 
11 of plate dowel. : 
a oe A Ss 0.245 6,000 Concrete split along plane 
of plate dowel. 


_. i Location of breaks in 
stiffeners. 


2 Specimens 9, 10 and 11 had purposely deformed expansion sleeves. 


J-8 specimens indicate they were influenced by flanges on seals and 
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failed. The load required to close the joint to half its original thick- 
ness was reasonably uniform in most cases, as was to be expected 
because the joint material was generally of the same type, the load 
ranging from 16,000 to 25,000 lb. Two joints required considerably 
higher loads, due to certain features of their construction. The modified 
J-2 joint was equipped with a sponge rubber filler to seal the expansion 
space in which the load transmission elements moved during expansion 
of the concrete. This rubber filler, being confined, required a relatively 
large load to compress it. The additional resistance offered by the J-8 
joint was attributed to the sheet metal stiffeners placed on the top and 
bottom of the joint and to the hard bituminous premolded asphalt cap 
placed over the top seal. 

Resistance to closure built up rapidly beyond closure to half the 
original joint thickness, as evidenced by the total closure and load at 
which failure of the concrete occurred. Total closure was never greater 
than 75 per cent of the original joint thickness, but loads required to 
produce this compression ranged from two to 12 times those that pro- 
duced half closure. 

All the joints had features which apparently influenced the failure 
of the concrete. The J-10 joint specimens failed by splitting of the con- 
crete along the plane of the continuous plate dowel, and the J-8 joint 
specimens split along the planes of the flanges on the metal stiffeners, 
all at much lower loads than would be expected from the compressive 
strength of the conerete. The average compressive strength of the con- 
crete in these specimens was approximately 3,700 lb. per sq. in., which, . 
in a specimen having an area in compression of 84 sq. in., would be 
expected to give a breaking load of about 311,000 lb. All the specimens 
failed at loads of 200,000 Ib. or less. 

It will be noted that those specimens which required more than 
25,000 lb. to close the joint to half its original thickness failed at 
lower loads than the others, and the total closure of the joint was less, 
indicating that the features mentioned above as adding to the resist- 
ance of the joint produced concentrated stresses which caused early 
failure. An example of the effect of such concentrations of stress may 
be seen in Table 30, by a comparison of the results from Specimens 6, 
7, and 8 with Specimens 9, 10, and 11, all containing 1-in. J-10 joints. 
The sheet metal sleeve which enclosed the continuous dowel plate on 
this joint was so light that it was obvious that the sleeve would become 
seriously deformed under normal shipping and handling operations. 
In order to determine the effect of such damage, the sleeves on the 
joints in Specimens 9, 10, and 11 were purposely deformed before 
placing. Specimen 9, in which the sleeve was only slightly bent, failed 


126 ILLINOIS ENGINEERING EXPERIMENT STATION 


at a load less than half the average load required to break Specimens 
6, 7, and 8, which contained joints with undeformed sleeves. Speci- 
men 11, in which the sleeve was badly deformed, failed under a load 
of only 6,000 Ib. at a total closure of less than one-fourth the original 
thickness of the joint. These results, which show the importance of 
uniform stress distribution, indicate that joints should be designed so 
that conditions which may lead to stress concentrations will not de- 
velop during shipping, handling and placing. 

Results of a special test conducted on three specimens containing 
the J-10 joint, to show the effect of dirt entering the space above the 
plate dowel, are given in Table 31. In these tests, a load of 50,000 lb. 
was applied to the specimen and removed, the joint opened 0.22 in., 
the amount it might be expected to open in service, and the space 
above the load transmission plate and between the filler and the con- 
crete filled with fine silt. Compressive loads were then applied until the 
concrete failed, following the same procedure used in testing the speci- 
mens listed in Table 30. 

The load required to close the joint an amount equal to half the 
original thickness of the joint filler agrees fairly well with the results 
shown in Table 30. The closure at 50,000 lb., being only slightly over 
0.25 in. in all cases, shows how rapidly the resistance of the material 
increased after it was compressed to half its original thickness. After 
silt was put in the joint, failure occurred at closures of less than ¥4 in. 
and at loads of 110,000, 50,000, and 34,000 lb. As shown in Table 30, 
J-10 joint Specimens 1, 2, and 8, tested without silt, failed at loads of 
200,000, 200,000, and 190,000 Ib., respectively. This difference indicates 
the effect of incompressible material in the joint, especially when it 
enters only the upper half and produces an eccentric loading. 


TABLE 31 
SprctAL CoMPRESSION TESTS ON J-10 Expansion JOINT 
(Illinois Division of Highways Tests) 


Compression before Putting Concrete Failure after Putting 


Silt in Joint Silt in Open Joint 
che aiish pote 
men Filler Load at Closure at 
0.25-in. closure | 50,000-lb. load Load Closure 
in. lb. in. lb. in. 
1 4% 23,000 0.279 110,000 0.245 
2 % 28 ,000 0.280 50,000 0.182 
3 % 22,000 0.294 34,000 0.150 
Nove: 


All specimens failed by splitting along plane of \-in. x 1%-in. plate dowel. 


BUL. 365. JOINTS IN CONCRETE PAVEMENTS 127 


(h) Tests of Bituminous Premolded Fiber Joint Filler 


The matérial used as a filler for some of the metal-sealed joints 
submitted for approval, and alone as a joint after the use of air- 
chamber joints was discontinued in 1938, is made from cane fibers 
pressed into a resilient board which is saturated with an asphaltic 
compound. It is claimed by its manufacturers that this material will 
not extrude when compressed; that the asphaltic compound effectively 
protects the fiber board against such destructive agencies as air, mois- 
ture, heat, and recurrent cycles of freezing and thawing; that the ma- 
terial adheres permanently to concrete so that it is aided in its 
recovery when the concrete adjacent to it contracts, and is held firmly 
in place so that it will not work loose and be displaced. The specifica- 
tions governing the quality of the material required samples to pass 
the following tests: 


(1) AspHattic Content. A sample of approximately 45 g. taken from 
material dried for 4 hr. in an oven at 125 to 135 deg. F., when tested in a 
Soxhlet extraction apparatus with carbon tetrachloride as the solvent, the 
residue being thoroughly dried at a temperature of 125 to 135 deg. F., shall 
show not less than 35 per cent bitumen by weight. 


(2) Freezing AND THAwING Test. A specimen of material 4 in. by 10 
in. in size shall show no signs of disintegration after 10 cycles of freezing and 
thawing. Hairline cracks shall not be taken as signs of disintegration. 

(3) Resttiency. A specimen 4 in. by 5 in. in size shall be compressed 
at the rate of %o in. per min. to 50 per cent of its original thickness, then the 
load released, this compression being repeated five times, and after the fifth 
compression the specimen shall return to at least 70 per cent of its original 
thickness within one hour after being released from last compression. 

(4) Extrusion. A specimen 4 in. by 5 in., confined on three sides, when 
compressed to half its original thickness shall not extrude more than 25 per 
cent of its original thickness. 

(5) Loss or AspHartic Saturanr. A specimen, when compressed under 
Clause (3) for resiliency, shall not lose more of the asphaltic compound than 
2 per cent by weight of the original specimen tested. 

(6) Compressisitity. A specimen, when tested for resiliency, shall not 
require a pressure in excess of 500 lb. per sq. in. 

Numerous tests, both of an investigational nature and for accep- 
tance purposes, were run on samples of this material. Representative 
results of compression and chemical tests are given in Table 32. 

It will be noted that the material showed no extrusion when com- 
pressed to 50 per cent of its original thickness, and met the require- 
ment for compressibility, requiring a load of less than 500 lb. per sq. in. 
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to compress it to half its original thickness, and the requirements for 
asphaltic content. The samples passed the requirement for resiliency, 
having recovered to more than 70 per cent of their original thickness 
one hour after the fifth compression. Samples invariably passed the 
loss of asphaltic saturant test, except when the material was shipped 
from the factory before it was thoroughly cured and dried. 

Results of freezing and thawing tests on representative samples of 
fiber board are given in Table 33. While the samples did not fail in 
10 cycles of freezing and thawing by cracking or splitting, they did 
become very soft and had increased in thickness 10 to 15 per cent. In 
actual service a joint in this condition would take in solid material 
from the surface of the road, which later on would increase resistance 
to compression when the joint closed and reduced the space for expan- 
sion. Furthermore, the softening indicates that the asphalt is not so 
efficient in waterproofing as claimed by the manufacturers. The ma- 
terial is highly susceptible to the absorption of water in large quanti- 
ties, probably because of the large number of void spaces contained 
in it. Thus it may be expected, especially in the case of unsealed joints, 
that the joints will collect and hold water which may later drain into 
the soil and soften the subgrade immediately adjacent. 


TABLE 33 


RESULTS OF FREEZING AND THAWING TESTS ON BITUMINOUS 
PREMOLDED FIBER JoINT MATERIAL 
(Illinois Division of Highways Tests) 


Sample Number 


Item 
q 2 3 4 5 6 7 
Original thickness, in... . y% 4% 1 1 y 4% a) 
Dignensions, AIDS ecetere ees £a40 4x10 4x10 4x10 4x10 6x12 6x12 
Wet welch at end of a0 
cles freezing an , 

Sicwine: gre. ce orton 349 361 586 625 310 514 543 
Original dry weight, gr... 146 147 283 294 151 267 267 
Weight of water . 

Pa oibed, fa opine aoe 203 214 303 331 159 247 s 276 
Percentage of absorption 139.0 145.6 107.1 112.6 105.3 92.5 103.4 
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LV. Fieip INVESTIGATIONS 


11. Résumé of Investigations Prior to 1937—From the time metal 
joints were first adopted in 1933, their installation and subsequent 
operation were carefully observed. From time to time, as experience 
dictated, changes in construction practices were made to improve in- 
stallation, and manufacturers were required to correct defects which 
became apparent in the joints. 

The constant surveillance to which joints were subjected disclosed 
that the J-2 joint installed during 1934 had a number of serious de- 
fects resulting in faulty installations. This led to the first major field 
investigation of joints, started late in 1934 and finished in the spring 
of 1935. Representative joints were critically examined on every sec- 
tion of pavement built in 1934 in which J-2 joints had been installed. 
Defects discovered included lack of lateral and vertical stiffness; col- 
lapse of side walls with resultant décrease in expansion space; large 
areas of honeycomb adjacent to the joints, especially around the lugs 
on the load transmission device; failure of the joint to conform with 
the subgrade; the wires which held the copper seal in place tore the 
flanges and bent them out of shape; it was difficult to compact concrete 
under the flange of the copper seal; and the splice between the two 
pieces of copper seal would not stay in place. These defects were so 
prevalent and serious that the use of the J-2 joint was discontinued. 

Fairly extensive investigations were also made of the J-1 and J-4 
joints, especially those in the pavements constructed in 1935 in which 
the defects found in earlier joints had been corrected. The investiga- 
tion was continued on pavements constructed in 1936, primarily to 
secure data which would be of value to the construction organization 
in improving the method of installation of the joints. From this in- 
vestigation it appeared that good results were being obtained generally. 
However, there were indications that the joint spacing was too long 
for efficient control of transverse cracking, some intermediate cracking 
being in evidence. 


12. Investigation by University of Illinois Committee. —In 1937, 
the University committee, whose appointment has been already dis- 
cussed, undertook as a part of its study of the expansion joint problem 
an extensive field investigation. The investigation included a thorough 
examination of a large number of joints in Illinois and in four eastern 
states, five southern states, six midwestern states, exclusive of Illinois, 
one western state, and the District of Columbia. 
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The field investigation consisted of careful examinations of the 
joints themselves, the condition of the adjacent conerete, and the 
general condition and amount of cracking of the slabs. The condition 
of the bituminous caps on metal joints was observed, and the caps re- 
moved so that at least a portion of the copper seal of each joint could 
be examined for splits and other defects. Holes were cut in many of the 
copper seals, and the interior of the joint examined to see if water and 
dirt had entered. The end seals on all joints were examined, and in 
many cases they were removed to permit a more thorough examination 
of the interior of the joint. The concrete faces adjacent to the joints, 
especially around the load transmission devices, were examined for 
honeycombing and other evidence of improperly compacted concrete. 
More than a thousand joints were examined in detail, and many more 
were examined for specific defects. Highway engineers for the state 
in which the examinations were made usually accompanied the mem- 
ber or members of the committee making the survey. In Illinois, engi- 
neers from the office of the District Engineer of the district in which 
the construction was located acted as guides for the committee. 


13. Investigation by Illinois Division of Highways — 1937.— 
This investigation, ordered by the Chief Highway Engineer, was con- 
ducted by engineers from each district under the direction of the 
Bureau of Materials. It included a general examination of 657 expan- 
sion joints on 65 different paving sections. Each district examined at 
least 10 joints of each type for each year they were installed from 
1933 to. 1936, inclusive. These included 144, 90, 92, and 96 J-1 joints 
installed during 1933, 1934, 1935, and 1936, respectively; 60 and 73 
J-4 joints installed during 1935 and 1936, respectively; and 102 J-2 
joints installed during 1934 and 1935. In addition, the concrete adja- 
cent to the ends of 373 other J-2 joints was examined for a defect 
which had been found to be prevalent on some sections containing this 
type of joint. Also, when it was discovered in one district that the cop- 
per seals had split, 262 joints of all types were examined to determine 
whether this failure was universal. 

The general procedure followed was to examine the joints selected 
on each section and the pavement adjacent thereto for evidence of 
inadequate load transmission; displaced end plates; concrete failures 
at the corners of the slabs; spalling along the joints; alignment; con- 
dition of copper seals; condition of bituminous cap; collapse of the 
side walls at the ends of the joints; evidence that the Joint was or was 
not free to move; and the amount of maintenance the joints had been 
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given. Also, the copper seal was removed from two or more of the 
joints on each section to permit an examination of the interior for 
evidence of collapse, dirt, and water. Each district selected the sections 
on which joints were to be examined and furnished the personnel to 
make the survey. The data collected were submitted to the Bureau of 
Materials for analysis. 

In the case of supplemental surveys to determine the extent of the 
splitting of copper seals on all types of joints, and of the cracking of 
the concrete adjacent to the ends of J-2 joints, the work was done by 
engineers from the Bureau of Materials in company with representa- 
tives from the district in which the pavement was located. 


14. Investigation by Illinois Division of Highways — 1939. — This 
investigation was initiated in November, 1939, by the Director of the 
Department of Public Works and -Buildings for the purpose of de- 
termining beyond any question of doubt whether metal joints of the 
type used from 1932 to 1938 are or are not suitable for use. In planning 
an outline of procedure for the investigation, those who had served on 
the University of Illinois committee in 1937 were consulted, and many 
suggestions based on their knowledge of the problem and their previous 
experience were incorporated in the final outline. 

It was decided that the examinations should be made by district 
personnel and the results analyzed by the Bureau of Materials. At a 
meeting held November 20, 1939, the problem and plans were discussed 
in detail with the District Engineers. A few days later, mimeographed 
copies of the final instructions were sent to each district, so that each 
man engaged in the work would be thoroughly familiar with the pro- 
cedure to be followed. 

The program included the examination of 562 J-1 expansion joints 
and 570 J-1 contraction joints installed about equally during 1935, 
1936, and 1937; 228 each of J-2 expansion and contraction joints 
selected equally from those installed during 1934 and 1935, the only 
years these joints were used; 187 each of J-4 expansion and contrac- 
tion joints selected equally from those installed during 1935, 1936, and 
1937; 328 bituminous premolded fiber expansion joints installed during 
1938 and 1939; 242 4-in. open expansion joints installed from 1923 to 
1935; and 50 bituminous premolded expansion joints installed during 
1933 and 1988. 

The features to be observed and the particular defects to be looked 
for were stated definitely in the instructions sent to the districts; de- 
tailed instructions as to exact procedure were not given. It was thought 
best to leave the organization of the work and the methods to be em- 
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ployed to the districts, so that they could make their plans to fit the 
personnel available and the equipment on hand. 

The investigation included an examination of each joint for the fol- 
lowing features and defects: 

(a) Measurement of elevations at various points on the pavement 
surface adjacent to the joint and of the filler over the joint, to de- 
termine whether the presence of the joint influenced the contour of the 
surface. 

(b) Spalling of the edges of the concrete adjacent to the joint. 

(c) The condition of the bituminous premolded caps on the J-1 
joints and of the poured bituminous filler on the J-2 and J-4 joints. 

(d) Splits or fractures in the copper top seals. 

(e) Type of material in the shoulders, and shoulder conditions 
which might have affected the joints. 

(f) Splits or fractures in the copper end seals, and corroded end 
plates. 

(g) Presence of water, ice, and dirt inside the joint, and available 
expansion space. 

(h) Fractures in edge of pavement adjacent to ends of joint. 

(i) Type of load transmission device used and evidence of inade- 
quate load transmission. 

(j) Unusual subgrade, drainage, and other conditions which might 
have affected the operation of the joint. 

(k) The condition of the premolded joint filler, width of joint 
opening, space between filler and concrete, and amount of dirt in this 
space. 

(1) The width of the poured joints; whether an original, a cut, or 
a recut joint; failure of concrete adjacent thereto; and condition and 
effectiveness of poured filler. 

(m) The total number of transverse cracks that had occurred be- 
tween joints in every section on which joints were examined, and such 
features as culverts, bridges, cuts, fills, grade, and other conditions 
which might have influenced the formation of cracks being observed. 

Supplementing this investigation, the fiber joints in 18 of the sec- 
tions included in the 1939 investigation were re-examined in the spring 
of 1943 to obtain more information regarding the effect of age on this 
type of joint, and to determine whether the wire mesh reinforcement 
which these pavements contained was still effective in holding trans- 
verse cracks tightly closed. In 1945 another survey was made of the 
pavements built with wire mesh reinforcement to check further the 
effectiveness of the wire mesh. 
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15. Results of Investigations. — The results of the various field in- 
vestigations are generally in good agreement. For a number of reasons, 
notably because the investigations were more extensive and perhaps 
better planned, and because the investigators had benefited through 
the experience obtained from previous surveys, the University of 
Illinois committe investigation of 1937 and the investigations con- 
ducted by the Division of Highways in 1937 and 1939 produced by far 
the greatest volume of specific information. The results of earlier 
surveys showed general trends, but the later surveys yielded results 
which permitted more definite conclusions to be drawn. In presenting 
the results, all the investigations are considered, but specific informa- 
tion is drawn largely from the three investigations mentioned above. 


(a) Condition of Copper Seals 


Perhaps the most serious defect shown by the investigations is the 
splitting and cracking of the copper seals on metal-sealed joints. Fail- 
ures of this kind were first found in 1937, independently by the Di- 
vision of Highways and the University committee. At that time the 
University committee reported it had found extensive failures of the 
copper seals and recommended that the use of copper-sealed joints 
be discontinued. Almost half of the 262 expansion joints examined 
specifically for these failures by engineers from the Division of High- 
ways had splits in the copper seals. Both investigations indicated that 
the failures were influenced by traffic, more extensive failures occurring 
on heavily traveled pavements. 

In the 1939 investigation conducted by the Division of Highways, 
not only the number of joints with split seals was observed but also 
the length of the failures was measured. Other conditions, such as bent 
seals and foreign material on the seal which might induce and aggra- 
vate failures, were observed. Summaries of the results are given in 
Tables 34 to 37, inclusive. Of principal interest in these tables are the 
average lengths of fracture at each of the vulnerable points of the 
seals, indicated by the numbers on the sketches below the tables, and 
the total average length of fractures, which is the sum of the average 
lengths at all points. The average values were obtained by dividing 
the total length of fractures by the total number of joints ‘examined. 
The contraction joint seals were difficult to examine, especially where 
the joints were not edged, and it was not possible to examine all the 
contraction joints included in the survey. Since the number examined 
was not clearly shown by the field reports, the averages, based on the 
total number included in the survey, are probably somewhat low. This 
difficulty was not encountered with the expansion joints. 
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In discussing these results, it should be pointed out that the values 
given in the tables do not represent progressive developments on the 
samne joints but are the results of measurements on separate groups of 
joints of the given ages. This explains what may appear in some cases 
to the casual reader as retrogression. 

The tables bear out what ail the investigations indicated — that 
splitting of copper seals is a function of age. Table 34 shows that on 
the average the length of failures in the seals of J-1 expansion joints 
amounted to 0.42 ft. at two years, 1.55 ft. at three years, and 0.94 ft. 
at four years. Similar values for the four- and five-year-old J-2 ex- 
pansion joints were 7.03 ft. and 4.57 ft., respectively. The J-4 expan- 
sion joint, possibly because the construction of the seal was such 
that once closed, subsequent movements were generally taken by one 
of its three folds, developed failures much earlier than the other seals. 
For this joint, the average total length of failures per joint two, three, 
and four years old was 6.78 ft., 14.97 ft., and 20.84 ft., respectively. 

In all the investigations, it was found that the amount of splitting 
in all types of contraction joint seals was much more uniform than 
in the case of expansion joints. This is shown by the numerical results 
for the contraction joints examined during the 1939 investigation, 
given in Table 35. The average total splits in seals of J-1 contraction 
joints two, three, and four years old were 0.42 it., 0.76 ft., and 
2.67 it., respectively; for the four- and five-year old J-2 contraction 
joints 4.03 ft. and 1.90 it.; and for J-4 contraction joints two, three, 
and four years old, 0.53 ft., 0.60 it., and 1.85 ft., respectively. 

It will be noted that there was little difference between the results 
for the J-1 and J-4 contraction joint seals, as should be expected, 
since the two seals were almost identical in design. There was some- 
what greater splitting of the J-2 contraction joint seals at four years. 
The design of this seal, shown by the sketch below Table 35, was 
such that solid matter could be packed into the U-shaped trough, a 
condition which appeared to be conducive to the type of failure 
found in these seals. It should be remembered that many of the con- 
traction joint seals could not be examined because the joints were 
tightly closed, and the averages, being computed on the basis of the 
number of joints included in the survey and not on the number 
actually examined, are undoubtedly low. 

The percentage of joints included in the 1939 investigation having 
fractured top seals, and the length of the fractures in percentage of 
the total length of seals examined, are shown in Tables 36 and 37 for 
expansion and contraction joints, respectively. The data, arranged by 
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TABLE 36 
SuMMARY SHOWING THE ExTENT or FaiLurES IN Copper Top SEALS 
on Mera Expansion JOINTS 
(Survey made during winter of 1939-40) 
Joints with Total Total Length 
A NOD er Fractured Seals Length of Fractures 
Ae Type of of Seals 
years of Joint SE 2 é: Examined ne 
‘er- - 
| Number centage ft. Ft. centage 

2 J-1 201 34 16.9 4,058 84.87 2k 
J-4 77 43 55.8 1,554 522.40 33.6 
Totals and Averages 278 77 PALATE 5,612 607 .27 10.8 
3 J-1 156 78 50.0 3,296 258.22 6.8 
J-4 70 68 Sf fee 1,360 1,066.05 78.4 
Totals and Averages 226 146 64.6 4,656 1,324.27 28.5 
4 J-1 195 82 42.1 3,840 183.58 4.8 
J-2 100 83 83.0 1,920 702.62 36.6 
J-4 40 36 ~ 90.0 800 576.33 72.0 
Totals and Averages 335 201 60.0 6,560 1,462.53 22.3 
5 J-2 118 84 71.2 2,400 602.00 25.1 


type of joint and age of pavement, show clearly the serious extent of 
failures in the copper top seals. Even the J-1 expansion joint, whose 
seal was the least susceptible to splitting, had 17 per cent failures at 
two years, 50 per cent at three years, and 42 per cent at four years. 


TABLE 37 


SuMMARY SHOWING THE EXTENT OF FAILURES IN CoppER Top SEALS 
on Mertrat Contraction JOINTS 
(Survey made during winter of 1939-40) 


Joints with Total Total Length 
A Number Fractured Seals Length of Fractures 
£e g 
Type of of Seals 
years of Joint Joints Examined 
Examined Number Per- Ft Per- 
centage Tue . centage 
2 J-1 209 23 11.0 4,022 87.60 Qe 
J-4 epee 21 27.3 1,554 40.95 2.6 
Totals and Averages 286 44 15.4 5,576 128.55 2.3 rs 
3 J-1 156 25 16.0 3,296 125.98 3.8 
J-4 50 17 34.0 1,160 41.98 3.6 
Totals and Averages 206 42 20.4 4,356 167.96 3.8 
4 J-1 195 74 37.9 3,840 520.20 13.6 
J-2 100 26 26.0 1,920 202.90 10.6 
J-4 40 ll 20.0 800 74.10 9.3 
Totals and Averages 335 111 33.1 6,560 797 .20 12.1 
5 J-2 118 50 42.4 2,400 275.12 a Bs) 
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The J-2 expansion joints had 83 per cent failures at four years and 
a per cent at five years. The J-4 expansion joints had 56 per cent 
failures at two years, 97 per cent at three years, and 90 per cent at 
four years. As already mentioned, the high proportion of failures in 
the J-4 joint probably was due to the design of its seal. 

The length of fractures in percentage of the total length of seal 
agrees in general with the percentage of joints with split seals. The 
splits in the J-1 expansion joint seals amount to 2 per cent of the 
total length of seals at two years, 7 per cent at three years, and 5 per 
cent at four years. The four- and five-year-old J-2 expansion joints 
had fractures aggregating 37 and 25 per cent, respectively. For the 
two-, three-, and four-year-old J-4 expansion joints, the splits in 
the seals amounted to 34, 78, and 72 per cent of the total length, 
respectively. 

In the case of the contraction joints included in the 1939 investi- 
gation, the increase in fractures with age is shown in Table 37 to be 
even more definite than with the expansion joints. The joints with 
fractured seals amounted to 15 per cent of those two years old, 20 per 
cent of those three years old, 33 per cent of those four years old, and 
42 per cent of those five years old. While a larger percentage of J-4 
than J-1 contraction joint seals were split at two and three years, the 
reverse was true of the four-year-old joints, and it is probable that on 
the average one seal is no better than the other, especially since 
both are similar in design. This is borne out by the agreement in the 
total length of fractures for the various types of joints. At two years 
the fractures in the J-1 and J-4 contraction joint seals amounted to 
2.2 and 2.6 per cent, respectively, of the total lengths of each examined; 
at three years the respective amounts were 3.8 per cent and 3.6 per 
cent; and at four years 13.6 and 9.3 per cent. It should be noted that 
the total length of fracture is much lower for contraction joints than 
for expansion joints, indicating that the forces which cause the copper 
seal to split, whatever they may be, have less effect on the contraction 
joint seals. However, as already explained, had it been possible to ex- 
amine all the contraction joints, the average total length of fractures 
no doubt would be greater than that shown in Table 37. 

Every engineer who was engaged in the several field investigations 
was convinced that the early and extensive failures of the copper 
seals were the result of a combination of a number of destructive 
forces. It is certain, in view of the laboratory tests, that the seasonal 
opening and closing of the joint, due to contraction and expansion of 
the concrete, by itself could not have caused the failures in so short 
a time. Observations indicate that the first closing of the joint pinched 
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the seal into a shape which was more easily affected by subsequent 
movements and other forces. The causes for failure of the seals are 
concisely stated in the following excerpt from the official report of the 
University committee: 

“An important factor which contributes to the failure of the copper seal 
of a joint of the type called for by the present specifications’ appears to be 
the vertical force which is exerted on the seal by traffic pounding on the cap 
and the inert material which works into the joint above the seal. Another im- 
portant factor appears to be the differential vertical movement between the 
transverse edge of the loaded slab and the adjacent transverse edge of the 
unloaded slab as a load passes over the joint. Added to the latter effect may 
be vibration at the ends of both slabs due to the passing loads. Fatigue ap- 
pears to be an important factor in the failure of copper seals at joints.” 

That traffic contributed to pinching and bending of seals on ex- 
pansion joints is shown by data from the 1939 investigation given in 
Tables 34 and 35. Bent seals were found on from 1 to 47.5 per cent 
of the expansion joints, and the fact that generally more were bent 
in the direction of traffic than in the opposite direction indicates that 
traffic was the cause. This is also borne out by the increase in bending 
with age. 

The effect of pinching of the seal due to closing of the joint, and 
the action of traffic in contributing to the splitting of copper seals on 
the various types of expansion joints, as observed from the extensive 
examinations made in the field, are shown diagrammatically by 
sketches in Figs. 63 to 66, inclusive. Figures 63 and 64 show that the 
seal on the J-1 expansion joint may fail in one or more of three 
different ways, all starting after the top of the seal becomes tightly 
pinched and loses a great deal of its freedom from restraint. After 
the seal assumes the position shown by the dotted lines in Fig. 63a, 
it may split at each side of the crimped top as shown in Fig. 63b, 
following which the top of the bulb will be flattened by the pounding 
of traffic (Fig. 63c). At other times the failure may occur at the top of 
the crimp as shown in Fig. 64a. Failure may also develop in the sharp 
bends where the seal rests on the sheet steel stool as shown in Fig. 64b. 
Figure 64c shows what happens when the joint opens after the seal 
has split as illustrated in Fig. 64b. 

Figure 65 illustrates the development of a typical failure in a J-4 
seal. The joint closes from the initial position shown in Fig. 65a to 
that shown in Fig. 65b, where the folds of the seal are tightly pinched. 
Subsequent movements of the joint develop high strains in the vicin- 
ity of one or more of the pinched folds, finally resulting in the copper 


® Standard Specifications in effect in 1937. 
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splitting as shown in Fig. 65b. The failure is further ageravated when 
the joint opens, as shown in Fig. 65c. 

Figure 66 shows two typical failures which occur in the seal on 
the J-2 joint. The seal may split in the bottom of the trough, as shown 
in Fig. 66b, due to the vertical forces of wheel loads being transmitted 
through the bituminous filler and the dirt which accumulates above 
the seal; or the seal may tear along the folds where it passes over 
the sheet steel side walls of the joint, as shown in Fig. 66c. 

The investigation conducted by the University committee and that 
made in 1937 by the Division of Highways further indicated that the 
amount of traffic influenced failure of the seals; that is, more failures 
occurred on pavements carrying heavier traffic. Analysis of the data 
from the 1939 investigation does not bear this out. The proportionate 
length of failures was as great on pavement carrying 100 to 1,000 
total vehicles per day as it was on pavements carrying 1,000 to 6,000 
total vehicles per day, totals including both passenger and commercial 
vehicles. Neither did a comparison based on commercial vehicles alone 
reveal the existence of any relation between failure of seals and 
amount of traffic. The length of fractures in expansion joint seals under 
light, medium, and heavy commercial traffic, respectively, amounted 
to 23.8, 26.1, and 20.8 per cent of the total length of seal examined, 
considering light traffic as 0 to 200, medium traffic as 200 to 500, and 
heavy traffic as 500 to 1,500 commercial vehicles per day. Regardless 
of this analysis, observations made of the action at joints as vehicles 
pass over them, particularly the heavier commercial vehicles, lead to 
the belief that heavy traffic influences the splitting of copper seals. 
This belief is substantiated by the fact that failures invariably begin 
at the normal wheel paths. 

In all the investigations, dirt, sand, and other foreign material 
were found on top of the copper seals on a great majority of the 
joints examined. This material worked down under the cap, either 
poured or premolded, and was deposited on the seal. Being highly 
incompressible, it restricts the freedom of the seal to close so that the 
copper becomes tightly pinched, a condition which predisposes the 
seal to early failure. Furthermore, vertical forces produced by heavy 
wheel loads passing over the joint are transmitted through the 
incompressible material to the seal with little or no cushioning. 

Table 34 shows that 80 to 98 per cent of the expansion joints 
examined during the 1939 investigation had foreign material on top 
of the seals. The engineers who made the examinations were of the 
opinion that this condition was the cause for many of the split seals. 
They believed that this condition was a somewhat greater factor in 
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the J-2 and J-4 joints, because the shape of the seal is such that 
foreign material becomes packed in the trough causing severe strains 
in the copper. Table 35 shows that 30 to 92 per cent of the contraction 
joints had foreign material adjacent to the seal; however, this was not 
considered a major cause for fractures, since the joint opening was 
so narrow that vertical forces from wheel loads probably were not 
transferred to the seal. 

In the course of the 1939 investigation, a study was made to de- 
termine how many joints had been set high; that is, with the seal 
closer to the pavement surface than required by the plans, it being 
thought that such a condition might be responsible for failure of the 
seals. It was found that 1.4 to 11 per cent of the expansion joints had 
been set high. The proportion of high contraction joints was somewhat 
greater, ranging from 4.0 to 27.2 per cent. In neither case is there any 
relation between the percentage of high joints and the extent of fail- 
ure, and it may be concluded that the manner in which these joints 
were set had no marked influence on the failure of copper seals. 
However, in a few instances, particularly in the case of contraction 
joints, where the joints were set so high that the wheels of vehicles 
were actually in contact with the seals, field reports showed that 
excessive failures occurred. 

The possibility that failure of seals on contraction joints was 
caused by the copper being stretched tightly over the top edge of the 
dividing plate as the joint opened, was considered in the several in- 
vestigations. All the investigators concluded that there was little or 
no evidence to indicate that this was a factor contributing to the failure 
of contraction joint seals. 

Copper end seals were somewhat less susceptible to failure than 
the top seals. Table 34 shows that from 7 to 32 per cent of the J-1 
and J-4 expansion joints examined during 1939 had split end seals. 
For some unknown reason, a greater proportion of J-1 end seals were 
fractured, and the average fractures were somewhat longer, than in the 
case of the J-4 joints. The J-2 expansion joints did not have copper 
end seals, being covered by a steel plate fitted with a galvanized steel 
sleeve. Of the four- and five-year-old joints examined, 95 and 62 per 
cent, respectively, had rusted end sleeves. As shown by Table 35, a 
large percentage of the galvanized steel end plates on the contraction 
joints were in good condition, only 13.1 to 30.5 per cent being reported 
as corroded. 

Typical examples of failures in top seals and end seals are shown in 
Figs. 67 to 73, inclusive. Figure 67 shows fractures in the top seal of 
a J-1 expansion joint. Figure 68 is typical of the failures in J-2 
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Fics. 67, 68 (Axsove), 69, 70 (Betow). TypicaL EXAMPLES OF FRACTURED 


Tor SEALS — RESPECTIVELY ON J-1, J-2, anp J-4 EXPANSION JOINTS 
AND ON J-2 Conrraction JOINTS (Late Desicn) 


Fig. 69 illustrates a condition prevalent in 
ile Fig. 70 shows a typical failure of a top 
oint. The J-1, J-4, and to some extent the 


expansion joint top seals; 
top seals of J-4 joints, wh 
seal on a J-2 contraction ] 
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a 


Fic. 71 (Asove, at Lerr). Typical Ex- 
AMPLE OF FracturEeD ENp Seat on J-1 
EXPANSION JOINT 


Fic. 72 (Asove, at Ricut). Typica, Con- 
DITION OF GALVANIZED END SLEEVE ON 
J-2 EXPANSION JOINT 


Fic. 73 (at Lerr). Typican EXAMPLE OF 
FRACTURED END SEAL ON J-4 EXPANSION 
JOINT 


J-2 contraction joints used a seal shaped as shown in the photograph, 
and the failure is typical for a top seal of this design. A split end seal 
on a J-1 expansion joint is shown in Fig. 71. Figure 72 is typical of 
the condition of the galvanized end sleeves on J-2 expansion joints, 
and a typical example of the failure of end seals on J-4 expansion 


joints is shown in Fig. 73. 
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(b) Spalling at Joints 


Spalling, as used in this bulletin, refers to the breaking off of the 
upper edge of the concrete slab adjacent to joints or cracks, or at 
the junction of transverse joints or cracks and longitudinal joints. 
Spalling results from a number of causes: principally, wheel loads; 
honeycomb around the joint; compression when the joint closes, es- 
pecially when incompressible foreign material is present in the top of 
the joint; horizontal planes of weakness formed by the flanges of the 
metal seals; and the fact that in placing and finishing the concrete 
it is difficult to avoid having inferior concrete at the joints. Spalling 
is a progressive failure because, as the concrete breaks, the increased 
width of the broken surface adds to the intensity of the impact and 
pounding of wheel loads, factors that produce spalling. Spalling de- 
tracts from the appearance of a pavement and adds to the cost of its 
maintenance. 

Spalling of various degrees was observed at many of the joints 
examined during the investigation by the University committee and by 
the Division of Highways in 1937. In the 1939 investigation and the 
supplementary investigation of 1943, spalling was classified as slight 
or bad. Joints at which spalling was shallow and limited in extent, 
and which did not contribute materially to the roughness of the pave- 
ment, were classified as having slight spalling. Spalling which was 
prevalent along the joint or at the center joint, and had progressed 
to the stage where it affected riding, was defined as bad. Typical 
examples of spalling at several types of joints are shown in Figs. 74 
to 81, inclusive. 

Figure 74 shows slight spalling along a J-1 expansion joint. Bad 
spalling at the same kind of joint, obviously caused by the honeycomb 
visible under the flange of the copper seal, is shown in Fig. 75. Much 
honeycomb was found adjacent to the metal-sealed joints, and this 
was thought to be one major cause for spalling along these joints. 
Another cause of spalling at metal-sealed joints is that the flanges of 
the seal form planes of weakness in a horizontal direction. The rela- 
tively thin layer of concrete above the flanges is easily broken by 
traffic, especially if there is honeycomb under the flange. 

Figure 76 shows bad spalling along a J-2 expansion joint, another 
example of the result of poorly consolidated concrete under the flange 
of the seal. A case of slight spalling along a J-4 expansion joint is 
shown in Fig. 77. Figure 78 shows bad spalling along a J-4 contraction 
joint, caused by improper compaction of the concrete. A typical ex- 
ample of slight spalling along a 4-in. open joint is shown in Fig. 79. 
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Fic. 74 (at Top). Suicut SpALLin 
ALONG J-l EXPANSION JOINT 


Fic. 75 (CrntEerR). Bap SPALLING 
ALONG J-l1 EXPANSION JOINT 


Fic. 76 (at Lert). Bap SPALLING 
ALONG J-2 EXPANSION JOINT 
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Fic. 77. Sticut Spauuinc atone J-4 Expansion Joint 


Fic. 78. Bap SPALLING ALONG J-4 ConrTRaAcTION JOINT 


Extremely bad spalling along the same type of joint may be seen in 
Fig. 80. In this joint, almost completely closed, the spalling probably 
was caused by excessive pressures along the upper edges of the slabs, 
due to expansion of the concrete. Figure 81 shows typical slight spall- 
ing along a fiber joint, a condition which existed at approximately 
30 per cent of the fiber joints in the section of pavement on which 
this joint was located. Only a small amount of bad spalling was found 
adjacent to fiber joints, probably because the pavements were only one 
year old when the survey was made. 

Tables 38 and 39 are summaries of the data collected during the 
1939 investigation, relating to spalling at expansion joints and con- 
traction joints, respectively. They show the percentage of joints of 
each type and age having no spalling, slight spalling, bad spalling, 
and the influence on spalling of edging and foreign material in the 


top of the joint. 
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The data in Table 38 indicate that spalling along expansion joints 
and at the junction of the transverse and longitudinal joints increased 
with age. Spalling along expansion joints occurred at 44.8 per cent of 
the one-year-old joints, 42.3 per cent of the two-year-old joints, 61 per 
cent of the three-year-old joints, 69.6 per cent of the four-year-old 
joints, 57.8 per cent of the five-year-old joints, 90 per cent of the 
six-year-old joints, and 72.3 per cent of the 4-in. open joints, ranging 
in age from four to 16 years. Spalling at the junction of expansion 
and longitudinal joints occurred at 9.5 per cent of the one-year-old 
joints, 11.9 per cent of those two years old, 30 per cent of those three 
years old, 22.6 per cent of those four years old, 32.9 per cent of those 
five years old, 70 per cent of those six years old, and 34.6 per cent of 
the 4-in. open joints. While there was no uniform increase in spalling 
with age, the older pavements in some cases showing less spalling 
than those built later, there appears to be a general trend toward an 
increase with age. The data also show that spalling along the joint 
was much more prevalent than at the junction of transverse and 
longitudinal joints. 

Available comparisons indicate that somewhat more spalling oc- 
curred at J-1 expansion joints than at the other types of air-chamber 
joints. Since this joint has no apparent features which would affect 
spalling any more than other types, this observation is difficult to 
explain. The pavements considered in the comparisons all carried ap- 
proximately the same average daily traffic. One difference observed by 
engineers who made the survey was that, for some unknown reason, 
a greater portion of the J-1 expansion joints were finished with high 
edges, a condition which reasonably could lead to spalling. It is also 
possible that the wider flange on the seal of this joint caused more 
honeycomb and thus resulted-in greater spalling. 

From the limited data available, it would appear that slightly less 
spalling occurred along fiber expansion joints than adjacent to air- 
chamber expansion joints. At four years, the only age at which a 
direct comparison can be made, spalling occurred at 89 per cent of 
the J-1 expansion joints, 65 per cent of the J-2 expansion joints, 60 
per cent of the J-4 expansion joints, and 54 per cent of the fiber joints. 
Assuming these data to be truly representative, it is probable that the 
greater amount of spalling along air-chamber joints is due to the 
effect of their metal seals in contributing to honeycomb adjacent to 
the joint and in weakening the edges of the concrete along the joints. 
There was no marked difference between air-chamber joints and fiber 
joints, as far as spalling at the junction between transverse and 
longitudinal joints was concerned. 
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Spalling along one-year-old fiber joints was slightly less than along 
bituminous premolded joints of the same age, but there was little 
difference between them in the case of spalling at the junction between 
transverse and longitudinal joints. Ninety per cent of the six-year-old 
bituminous premolded joints had slight spalling, which is considerably 
higher than for any of the other types; however, none of these joints 
was classified as having bad spalling. 

About 72 per cent of the 4-in. open joints showed spalling of the 
edges adjacent to the joints, 62 per cent being classified as slight and 
10 per cent as bad spalling. Spalling at the junction of transverse 
joints with the center joint was about as prevalent as in the case of 
other types of joints. 

The data given in Table 39 for metal contraction joints are in 
general agreement with those for air-chamber expansion joints, al- 
though the tendency for spalling to increase with age is not so ap- 
parent. Spalling occurred at a greater proportion of J-1 contraction 
joints than at other contraction joints, but, as in the case of expansion 
joints, more of the J-1 joints were edged high and, in the opinion of 
those who made the examinations, this was responsible for the greater 
spalling. 


(c) Condition of Bituminous Caps and Asphalt Filler 


The purpose of the bituminous premolded caps installed on some 
of the air-chamber expansion joints, particularly the J-1 joint, and the 
asphalt filler used on both air-chamber and premolded joints, was to 
protect the copper seal, when used, and to prevent dirt and other 
foreign material from entering the joints from the top. The observa- 
tions made during the several field investigations all showed con- 
clusively that the premolded caps had a very short serviceable life, 
and that both the caps and the poured asphalt fillers became ineffective 
in performing their functions within a short time after installation. 
The premolded caps cracked and split under traffic and when the joints 
closed. In some cases, pieces of the cap were pulled out of the joint 
by traffic and the seal was exposed. Practically all joints examined 
had dirt and other foreign material under the cap. The poured asphalt 
fillers were equally as ineffective as the premolded caps. While they 
did not split and crack as the caps did, they did not prevent foreign 
material and water from entering the joint. Some of the investigators 
thought that the poured filler offered slightly more protection for the 


copper seal, but that the difference was so small as to be of no 
practical significance. 
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A summary of the results of the 1939 and 1943 investigations 
relating to the caps and fillers is given in Table 40. Premolded caps 
were installed almost universally on the J-1 joints included in these 
investigations. Only a few of the J-2 joints were installed with pre- 
molded caps, a metal installing bar being used and the seal covered 
with a poured filler. Premolded caps were used extensively on early J-4 
Joints, but their use was discontinued in favor of poured fillers the last 
year metal joints were used. 


Fig. 82. 

TypicaL ConpDITION 
oF PREMOLDED CaP 
ON J-1 Expansion 
JOINT 


. 


Considering the two-year-old J-1 expansion joints, of which 90 
per cent were installed with premolded caps, 87.5 per cent of these 
joints still had caps, which represents a loss in two years of 3 per 
cent. Of the caps still in place, 53.4 per cent were broken, split or 
disintegrated, and of little value as far as protecting the seal was con- 
cerned. Figure 82 shows a condition which may be considered typical 
of the premolded caps on J-1 expansion joints. 

Approximately 96 per cent of the three-year-old J-1 expansion 
joints were installed with premolded caps, of which about 2 per cent 
were missing when the joints were examined. Highty-six per cent of 
the three-year-old J-4 expansion joints were installed with premolded 
caps, of which 33 per cent were missing. Approximately 68 per cent 
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of the J-1 caps and 85 per cent of the J-4 caps on the three-year-old 
Joints were split, broken, or disintegrated. 

All of the four-year-old J-1 and J-4 expansion joints and 10 per 
cent of the J-2 expansion joints were installed with premolded caps. 
The table shows losses of 9.2, 0.0, and 17.5 per cent for J-1, J-2, and 
J-4 joints, respectively. Of those which remained in place, approxi- 
mately 71, 80, and 58 per cent of the caps on the J-1, J-2, and J-4 
joints, respectively, were split, broken, or disintegrated. 

The only five-year-old metal joints examined in 1939 were the 
J-2. Only 8 per cent of these were installed with premolded caps and 
approximately 20 per cent of the caps had disappeared; all of the 
remaining caps were split, broken, or disintegrated. 

All the joints had been fairly well maintained. The close agreement 
between the percentage of joints installed with premolded caps and 
the percentage of joints with caps covered with asphalt filler, indicates 
that most of the joints had been poured at least once. In spite of this, 
the data show that the caps and fillers on expansion joints definitely 
were not effective in keeping out foreign material. This was true of 
approximately 85 per cent of the one- and two-year-old joints and of 
practically all of the joints more than two years old. The survey 
indicated that the poured filler on contraction joints was somewhat 
more effective in this respect than the cap or filler on expansion joints. 
However, this difference may be due, at least in part, to the fact that 
many of the contraction joints were so tightly closed that it was 
impossible to determine whether foreign material had entered. 

Figures 83 to 86, inclusive, are typical examples of the failure of 
caps and fillers to keep foreign material out of the several types of 
joints. Figure 83 shows a J-1 expansion joint with cap and filler re- 
moved, exposing a thick deposit of dirt and sand on top of the copper 
seal. The removed cap lying on the pavement shows how the caps 
become broken and split. A J-2 contraction joint with the filler re- 
moved to expose a thick layer of dirt on the copper seal is shown in 
Fig. 84. Figure 85 is a closeup of a fiber expansion joint with the 
bituminous filler removed, showing a deposit of dirt above the fiber 
material and the fiber pulled away from the concrete, leaving a space 
which eventually will become filled with foreign material. A closeup 
of a 4-in. open joint, showing the general condition of the filler in this 
type of joint, is given in Fig. 86. The photographs show conclusively 
that none of the caps or fillers was effective in keeping foreign material 
out of the various types of joints covered by the investigation. 
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(d) Infiltration of Dirt and Water into Joints and Transverse Cracks 


One of the primary purposes of pavement joints is to provide suf- 
ficient expansion space to prevent blowups. The various investigations 
show that the joints commonly used fulfill this requirement in part 
only; in other words, the most they may do is postpone for a number 
of years the occurrence of blowups. The investigation of the 4-in. open 
joints in- 1932 revealed that these joints closed at an average rate of 
1 in. per year due to the infiltration of solid material into the trans- 
verse cracks between joints. The several investigations of air-chamber 
joints showed that, in spite of the close spacing of the joints, transverse 
cracks occurred and the pavements were subject to growth due to 
infiltration into these cracks. Added to this was the infiltration into 
the joints themselves which reduced the available expansion space. 
This was true of all types of joints, including those with copper seals. 
Observations proved that even when the seals had not split and per- 
mitted infiltration from the top, the expansion space had been reduced 
by soil working up into the joint from the subgrade. Even experimental 
joints, with seals on the bottom as well as the top and ends, did not 
prevent infiltration. 

In the 1939 investigation, a study was made to determine the 
extent to which joints were being affected by infiltration. It was noted 
whether water had been in the joint, what the width of the joint open- 
ing was, how much dirt was in the joint, and the temperature at the 
time of examination. These examinations were confined to the ex- 
pansion joints because it was almost impossible to examine the small 
space between slabs at contraction joints. The results are given in 
Table 41. 

From 65.6 to 91.3 per cent of the air-chamber expansion joints had 
water in the joint opening or showed evidence of water having been 
there, chiefly the latter, because the survey was made during a period 
of very dry weather. A large percentage of joints, ranging from 55 to 
90 per cent, had dirt in the opening. Many of the premolded joints 
contained dirt, even those only one year old, the dirt having entered 
during the first winter when the concrete contracted and pulled away 
from the joint material. Age appeared to have little effect in this 
respect on premolded joints; almost as large a proportion of the one- 
year-old joints contained dirt as those six years old. 

The effect of age on the accumulation of dirt in air-chamber joints 
is shown by the average maximum height of dirt. It was found that 
dirt in the joint usually was highest at the ends, tapering off toward 
the center; in general, very little dirt was found at the center of the 
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TasBLeE 41 


Summary oF Dara RELATING TO CONDITION OF INTERIOR 
or Expansion JOINTS 
(Survey made during winter of 1939-40)! 


i Dirt in Joints Joint Width, in. 
Joints 
in 
Number rien 
Age Type of Joint Bes i ee Per- | Average] when | When Dit- 
ined ecm icenunzes| mls in- ex- ference’ 
YOITE eee Water ° ee stalled | amined? 
total | height 
per- : 
centage in. 

1 Fiber 328 Baas 88.0 Onc 0.88 0.13 

Bituminous 
-premolded 40 ee 85.0 1.25 1.19 —0.06 
2 J-1 201 74.1 55.0 0.97 1.00 0.79 —0.21 
J-4 77 66.2 70.0 1.34 0.75 0.63 —0.12 
3 J-1 166 66.2 67.0 2.06 0.75 0.46 —0.29 
J-4 70 87. Te S350! 1.95 0.75 0.59 —0.16 
4 J-1 195 65.6 64.0 2.46 0.75 0.25 —0.50 
J-2 100 won0 82.0 1.95 0.81 0.46 —0.35 
J-4 40 91.3 87.0 2.88 0.75 0.31 —0.44 
Fiber 182 68.0 =n 0.75 aris 0.02 
5 J-2 128 76.6 77.0 Pail 0.81 0.42 —0.39 

6 Bituminous 
premolded 10 nat 90.0 Sch 0.50 0.53 0.03 
4 to 16 4-in. open 227 Segoe 57.0 3.74 4.00 1.63 —2.37 


1 Four-year-old fiber joints surveyed during February and March, 1943. 
; » Average temperature at time of examination was approximately 38 deg. F. lower than that at 
time of installation, except 4-year-old fiber joints, where difference was approximately 27 deg. F. 


_’A minus value indicates that the joint opening was less at the time of examination; a plus value 
that it was greater. 


joints. The values given in Table 41, averages of the maximum heights 
for each particular type and age of joint, were determined by dividing 
the total maximum height for any one classification by the number of 
joints in that group containing dirt. For the air-chamber expansion 
joints, the average height of dirt ranged from 0.97 in. to 2.89 in., 
showing a definite increase with age. The dirt had accumulated be- 
tween the metal side walls of the joint, having entered from the ends 
and top. Dirt was also found between the side walls of the joint and 
the concrete, a condition also true in the case of premolded joints. 
The typical condition of air-chamber joints containing dirt is shown 
by Figs. 87 to 89, inclusive. These are photographs of J-1, J-2, and J-4 
expansion joints, respectively, showing that all are subject to infiltra- 
tion. This fact also is apparent from Table 41, which shows that a 
majority of each type contained dirt and that the average maximum 
height was approximately the same for each. 
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Fic. 90. Typican EXAMPLE OF FRACTURE IN EpGE or PAVEMENT 
Dus to Foreign MATERIAL IN END oF JOINT 


Accumulations of dirt in joints decrease the available expansion 
space and consequently reduce the length of time the jomt will be 
effective in preventing blowups. While no blowups were found in 1939 
in pavements with air-chamber joints, conditions existing then indi- 
cated that it will be only a matter of a few years until such failures 
begin to occur. Of more immediate importance are the failures at the 
extreme corners of the concrete slabs adjacent to the ends of the joints, 
as shown in Fig. 90. Failures of this kind usually result from accumu- 
lations of dirt in the ends of the joint. As the concrete expands, the 
concentrated forces due to the dirt in the ends of the joint produce 
stresses too great for the concrete to resist, and the corner breaks off. 
Such failures are by no means uncommon, being found in 2 to 6 per 
cent of the contraction joints and in 5 to 17 per cent of the air-chamber 
expansion joints covered by the 1939 investigation. 

As previously mentioned, dirt works up into the joint from the 
subgrade. This was shown definitely by a condition found at many of 
the 4-in. open joints. Solid deposits of dirt, sometimes extending to 
within an inch of the surface of the pavement, were found in the 
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bottom of these joints. The dirt lay in the bottom of the joint opening 
and was covered with a layer of asphalt, the average maximum height 
of the dirt being almost 4 in. : 

In maintaining these joints, it is common practice in hot weather 
to trim off the excess asphalt which extrudes as the joint closes and 
the asphalt swells. Unquestionably dirt working up into the joint due 
to pumping or some other cause, and entering from the top when the 
filler was pulled away from the concrete, progressively displaced the 
asphalt filler until after a number of trimmings very little asphalt was 
left in the joint. This condition in the 4-in. joint, together with the 
fact that dirt also worked up into metal and premolded joints, 
indicates that it is useless to spend money for a permanent seal on 
the top and ends of the joint, if such a seal were available, unless 
adequate measures are taken to keep the soil from entering the joint 
from the subgrade. It also shows that the effectiveness of an open 
joint can be improved by periodic cleaning to its full depth and 
repouring. 

It has been pointed out that joints close permanently because of 
growth due to infiltration of solid material into transverse cracks. 
Table 41 shows the extent to which this had occurred in the joints 
covered by the 1939 and 1943 investigations. Before proceeding with 
the discussion, it should be pointed out that the data on reduction of 
expansion space are only approximate, because of the difficulties en- 
countered in measuring the expansion space and the fact that no 
information as to the expansion space or width at the time of instal- 
lation-is available other than the nominal width of the joint. The 
data, however, are sufficiently accurate to show general trends. 

The average air temperature at the time the joints were examined 
in 1939-1940 was approximately 38 deg. F. lower than at the time the 
joints were installed. Hence, if nothing else occurred to change the 
length of the pavement, the joint openings at the time of examination 
should have been wider than at the time of installation. Assuming 
that the change in average temperature of the concrete was the same 
as the difference in air temperature (38 deg. F.) and that there were 
no intermediate cracks in the 30-ft. panels between air-chamber joints, 
each joint should have opened 0.076 in., irrespective of any initial or 
subsequent shrinkage due to loss of moisture and restraint due to 
suberade resistance. Tests?° indicate the subgrade resistance does not 
affect appreciably the free movement of slab panels up to 75 ft. in 


10 Cashell, H. D., and Benham, S. W., “Bxperiments with Continuous Reinforcement in Con- 
crete Pavement — A Five-Year History,” Proc. Highway Research Board, pp. 37-38, Vol. 23, 1943. 
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length. Similar conclusions were drawn from unpublished tests made 
by the Illinois Division of Highways. In this connection, it is pointed 
out that the examinations were made during a period of extremely dry 
weather when shortening due to moisture loss probably was at its 
maximum. Table 41 shows that, with the exception of the one-year-old 
pavements with fiber joints and the six-year-old pavements with bi- 
tuminous premolded joints, all the joints had partially closed from 
their initial widths. The one-year-old pavements with fiber joints had 
very few transverse cracks and these were held tightly together by 
the wire mesh reinforcement used in those pavements. Thus the length 
of the pavement slabs between joints was not affected by infiltration 
of dirt into cracks, and change in joint opening had to be due to 
changes in temperature and moisture. With a 50-ft..joint interval and 
a temperature change of 38 deg. F., the theoretical average increase 
in joint opening would be 0.125 in., as compared to an actual increase 
of 0.13 in., shown by Table 41. Such close agreement is probably a 
coincidence, but the data show that if cracks do not form or are 
prevented from opening, pavements will expand and contract in ac- 
cordance with the theory of thermal expansion. 

In the supplementary investigations made in 1943 and 1945 of 
pavements with fiber joints, special attention was given to the effec- 
tiveness of the wire mesh reinforcement in these pavements in holding 
transverse cracks closed. Almost every district reported that the rein- 
forcement was effective in holding transverse cracks tightly closed, 
some adding that cracks were visible only on careful examination. One 
district, where yearly crack surveys had been made, cited a case where 
cracks observed in 1941 were so tightly closed that the maintenance 
patrolmen had overlooked them one or more times when filling cracks 
with asphalt. In 1948, cracks which had opened up were found on 
only three of the 18 sections included in the survey. One section, which 
had a total of 217 transverse cracks, had only one open crack, its 
opening being in. On another section, with 187 cracks, one crack had 
opened 4% in. On the other section, out of 346 cracks only 30 were 
opened, the amount of opening varying from % to ¥% in. The open 
cracks in the latter section were not distributed over the entire section, 
but occurred only on one part of the section and mainly on fills, indi- 
cating that they probably were due to some condition peculiar to that 
part of the section. 

Perhaps the best evidence of the effectiveness of wire mesh rein- 
forcement in holding slabs together after transverse cracks occur is 
shown by the width of the fiber joints and air-chamber joints in four- 
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year-old pavements. The pavements containing fiber joints were re- 
inforced with wire mesh; those with air-chamber joints contained no 
reinforcement. Table 41 shows that while the air-chamber joints had 
closed an average of from 0.35 in. to 0.50 in., the average width of the 
fiber joints was practically the same as when they were installed. 

No logical reason can be given for the openings at bituminous pre- 
molded joints in the six-year-old pavement being wider than when in- 
stalled. This pavement was badly cracked, and there was plenty of 
opportunity for solid matter to enter the cracks and cause the joints 
to close. However, only 10 joints on one section of pavement were 
examined and they may not have been representative of average 
conditions. 

In all the other types of joints, the available expansion space pro- 
gressively decreased with the age of the pavement. The older joints 
were closed proportionately more than the newer joints, the approxi- 
mate average rate of closure of air-chamber expansion joints being 
0.10 in. per year. If the joints continue to close at this rate, the 
original expansion space of 0.75 in. provided at each expansion joint 
will have been taken up after approximately eight years of life. 

The available expansion space also is reduced by dirt entering the 
joints themselves, and this fact must be considered in estimating the 
period of time through which the joint will be effective in relieving 
stresses due to expansion of the concrete. Upon the basis of present 
knowledge, it appears that blowups will begin to occur in a very few 
years in some of the older pavements built with joints at close intervals, 
unless something is done to furnish further relief. 

It is interesting to note that the average width of the 4-in. open 
joints was only 1.63 in., in spite of the relief afforded by recutting 
many of the original joints and cutting new ones. This represents an 
average net closure of 2.37 in. The average age of the pavements con- 
taining 4-in. joints being about eight years, the rate of closing was 
almost 0.3 in. per year, disregarding the additional relief mentioned 
above. 

It may be concluded that joints in unreinforced pavements, such 
as those covered by this bulletin, afford only temporary relief from 
the forces that cause blowups, and at best serve only to delay the 
conditions they are intended to prevent. The seals on the air-chamber 
expansion joints have failed to prevent infiltration into the expansion 
space and, even had they proved satisfactory in that respect, they 
would be of little practical value as long as foreign material entering 
transverse cracks robs a joint progressively of its available expansion 
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space. It appears from the available data that the use of wire mesh 
reinforcement to hold transverse cracks closed so that infiltration will 
not occur, in conjunction with one of several kinds of premolded 
joints or wood joints, spaced judiciously, may be the most practical 
and economical solution to this problem. 


(e) Condition of Premolded Joint Fillers 


Experience with the use of premolded joints in highways con- 
structed or supervised by the Division of Highways was quite limited 
until after 1938, when this type of joint was adopted as a standard. 
A few installations had been made prior to that time, but these were 
not sufficiently comprehensive to justify conclusions. Hence, no studies 
were made of this type during any of the field investigations conducted 
by the Division of Highways until 1939, after a considerable mileage 
of fiber joints had been installed. On the other hand, the University 
committee, in its investigation in 1937, examined a great many joints 
of this kind, both in Illinois cities, where they had been used for 
many years, and in other states throughout the country. The commit- 
tee found that the premolded joints possessed certain defects, but from 
wide observations they concluded that results superior to those which 
had been secured with air-chamber joints in Illinois could be secured 
more economically with premolded joints, in spite of defects which 
were found in such joints. It was largely on the strength of their 
recommendations that the use of premolded joint fillers was adopted in 
1938. 

The majority of the premolded joints included in the 1939 investi- 
gation had not been in service long enough to warrant definite con- 
clusions regarding the durability of the material and its ability to 
withstand the destructive forces of weather and traffic. Only 10 joints 
more than one year old were examined, these being bituminous pre- 
molded joints in a section of pavement six years old. The remainder 
of the joints of this type, including 328 fiber joints in 33 sections of 
pavement and 40 bituminous premolded joints in four sections of pave- 
ment, were one year old. The examinations, however, revealed some 
defects in the materials which unquestionably will have a decided effect 
on the service life of these joints. 

The fiber joints one year old were little affected as far as disinte- 
gration, slumping, and extrusion of the joint material were concerned. 
About 3 per cent of the joints showed signs of disintegration; the ma- 


terial had slumped in 11 per cent; only one joint was reported to have 
extruded. 
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At four years, about 20 per cent of these joints showed disintegra- 
tion, only one joint was reported to have slumped in the opening, and 
11 per cent had extruded. One district reported that the joint material 
had disintegrated badly at the ends of the joints. With regard to slump- 
ing and extrusion, it was observed that the fiber material in the four- 
year-old pavement had risen. These joint fillers were installed % in. 
below the surface of the pavement, and when examined in 1943 many 
of them were flush with the top of the pavement. This may have been 
due to water freezing below the joint and gradually lifting it. 

The fiber material apparently is more susceptible to weathering 
than the bituminous premolded material; at least the effects become 
apparent earlier. About 33 per cent of the one-year-old fiber joints 
and 40 per cent of those four years old were split and pulled apart 
to such an extent that water and dirt could enter, as compared with 
2.5 per cent of the bituminous premolded joints one year old reported 
in that condition. The material in 14 per cent of the one-year-old fiber 
joints and 63 per cent of those four years old had become very soft; 
‘samples submitted from the field in sealed containers definitely had 
less resistance to compression than unweathered material. None of the 
bituminous premolded joints was reported as in this condition. This 
tendency of fiber joint material to soften has been detected in the 
laboratory in making freezing and thawing, wetting and drying, and 
absorption tests. The material becomes soft and lifeless when wet. It 
is probable that a much higher percentage of the fiber joints would 
have been found in this condition had they been examined during wet 
weather. Such a condition is undesirable and undoubtedly affects the 
service life of the joint, because it enables solid material to work up 
into the joint from the subgrade or to be driven into the joint material 
by the action of traffic. 

An example of how soil works up into a joint is shown in Fig. 91. 
This joint, of the bituminous premolded type, was six years old at the 
time the photograph was taken. The material had disintegrated and 
the subgrade had risen and replaced approximately 3 in. of the joint 
material. 

In the case of the bituminous premolded joints, 20 per cent of those 
one year old had slumped in the joint opening and 25 per cent of them 
were extruded. The limited number of joints of this type which were 
six years old when examined indicate that splitting, softening, and dis- 
integration are a function of age; however, the data are by no means 


conclusive. 
The data from the several investigations are not of sufficient scope 
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Fic. 91. PuorocrarH SHOowING How Som FRoM SUBGRADE 
Worxs Up into PREMOLDED JOINT 


to establish the serviceable life of premolded fiber or bituminous pre- 
molded joint fillers. They show that these materials possess certain 
defects which are bound to reduce their serviceable lives, but, in spite 
of these, this type of joint can be expected to perform better and more 
economically than air-chamber joints. This conclusion is drawn chiefly 
from the results which have been obtained with premolded joints in 
many Illinois cities and in other states. It appears that until a joint is 
developed which possesses many more of the desirable requirements 
than do any of the types now in use, the premolded fillers are the 
most practical and economical. 

Experience in Illinois is confined almost entirely to fiber joints 
and bituminous premolded joints. Other types were examined by 
members of the University committee traveling in other states, who 
found that joints made from wood boards show a great deal of promise. 
They are easy to install, hold their alignment, furnish good support 
to load transmission devices, and appear to be durable. They are more 
resistant to compression than other types, and hence set up greater 
compressive forces in the concrete than other types of fillers. Many 
engineers are of the opinion that this is an advantage, believing that 
compression will offset some of the tensile stresses induced by wheel 
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loads, and that as long as the compressive stresses do not reach critical 
limits, they are beneficial. Since wood joints appear to have some de- 
sirable advantages, it is believed that their properties should be given 
further study. Some progress already has been made in this direction 
with the installation of a number of wood joints in the Armington 
Experimental Road, which is discussed elsewhere in this bulletin 
(pages-197—243) .. 


(f) Condition of Load Transmission Devices 


It is impossible to make a detailed examination of load transmis- 
sion devices without destroying the surrounding pavement. For that 
reason, the examinations made of these joint accessories were cursory 
in all the investigations. In one of the investigations which included 
approximately 183, 176, and 140 miles of pavement containing con- 
ventional dowels, L-1, and L-2 load transmission devices, respectively, 
special attention was given to the relation between load transmission 
devices and corner breaks, transverse cracks near the joints, and differ- 
ential settlement of the ends of slabs adjacent to joints, with the hope 
that such failures might reveal failures of the load transmission de- 
vices. It was also thought that bent, corroded, and misaligned devices 
could be detected when examining the joints, especially in the case of 
metal joints in which the devices were partially exposed when the 
copper seals were removed. 

Of these defects, only corner breaks showed any indication of being 
influenced by the type of load transmission device. Pavements with 
conventional dowels had 18 exterior and 23 interior corner breaks per 
hundred miles. Corresponding values for pavements with L-1 devices 
were three exterior and three interior breaks per hundred miles. The 
pavements with the L-2 device had 31 exterior and 14 interior corner 
breaks per hundred miles. While corner breaks did not occur with 
sufficient frequency to be of serious consequence, nevertheless these 
data are distinctly favorable to the wing anchor device. It is interest- 
ing to note that the pavements with L-2 angles had considerably more 
exterior breaks than pavements with other devices. The reason for this 
may be in the design of the device itself. The arrangement of these 
devices, alternate angles extending under opposite slabs, places the 
center of the first point of support for one corner at each edge of the 
pavement, 18 in. from the edge. It is conceivable that such an arrange- 
ment would be more conducive to corner breaks than where companion 
corners have mutual support 6 in. from the pavement edge, as is the 
case when wing anchor devices and conventional dowels are used. 
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Crushing of the concrete around 34-in. conventional dowel bars, a 
condition commonly known as funneling because of the conical shape 
of the failure, was found by one district at a limited number of dowels. 
Had this type of failure been frequent, it would suggest a definite 
weakness in the 34-in. conventional dowel. However, in comparison to 
the number of dowels examined during the investigation, the number 
of failures was almost negligible and the data do not justify definite 
conclusions with respect to funneling. 


(g) Pavement Roughness Induced by Joints 


The public judges a highway by the smoothness of its surface, as 
reflected by the riding comfort, or lack of it, that the pavement pro- 
vides. A great deal of effort is expended in securing a high degree of 
initial smoothness, and it is equally important that this smoothness 
be retained to the greatest extent possible. 

It has been found that any break in the continuity of a concrete 
pavement, whether a natural crack or a transverse joint, may affect 
the smoothness of the pavement. Some of the reasons advanced by 
authorities are swelling of some types of soil immediately adjacent to 
the crack or joint due to surface water entering the opening, freezing 
of water in the subgrade, differential settlement of the edges of ad- 
jacent slabs, and warping of the slab due to temperature and moisture 
differentials. Surface irregularities also may occur at joints during the 
pavement construction, because the finishing operation must be in- 
terrupted while the screeds are raised over the joint, a practice which 
may leave a high spot at the joint. Whatever the cause, the result is 
the same, a poorer riding pavement. 

Surface roughness at joints will affect riding quality to varying 
degrees. In one instance, the passenger may be aware of roughness only 
by the rhythmic thud of the tires passing over the closely and equally 
spaced joints in rapid succession, and may feel no physical discomfort. 
In another instance, the difference in elevation may be of sufficient 
magnitude to impart a distinct vertical motion to the vehicle. Both 
may prove annoying and uncomfortable to a passenger, especially if 
continued for any length of time. 

It would be extremely difficult to evaluate roughness on the basis 
of the psychological and physical reactions of passengers, even if these 
factors could be measured, for they vary with individuals as well as 
with the joint spacing, the design of the motor vehicle, its mechanical 
condition, its age, and the speed at which it is driven. The relative 
roughness of a pavement can be determined, however, by comparing 
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the measured contour of its surface with a standard of smoothness 
which experience has shown to afford satisfactory riding qualities. This 
was the method used to study the roughness of the pavement adjacent 
to the joints surveyed in 1939. During that investigation, elevations 
were measured at some 2,500 joints, readings being taken at one-ft. in- 
tervals along each of the four normal wheel paths, beginning 5 ft. back 
of the joint and extending 5 ft. beyond; also directly over the filler and 
at points on the concrete surface immediately adjacent to the filler. In 
1943, elevations were again measured at 182 fiber joints on 18 sections, 
two in each of nine districts, included in the 1939 survey. 

The standard used as a basis of comparison is the specification for 
surface smoothness under which the pavement was built. Most of the 
pavements included were built to comply with the requirement that 
variations in the pavement surface should not exceed % in. in 10 ft. 
The only exceptions were the pavements built prior to March 23, 1931, 
in which 4-in. open joints were installed. The specifications in effect 
before that date required that the variations should not exceed %4 in. 
ao LO" ft. 

Elevation of the ends of the slabs adjacent to joints has already 
been mentioned as a cause of pavement roughness. Another cause is 
the extrusion of the cap or filler, or the joint material itself, when the 
joint is of the premolded or poured type. In relatively wide joints, 
such as the 4-in. open type, insufficient filler may be responsible for 
roughness, because the wheels in passing over the depressed filler 
change vertical position rapidly, and this motion is transferred in 
some degree to other parts of the vehicle. The data from the investi- 
gations are analyzed with respect to these features. 


(1) Errect or Fitter on Roucuness. Tables 42 to 46, inclusive, give 
the data relative to the height of fillers. A summary of all the data for expan- 
sion joints, Table 42 gives the average height of the filler with respect to the 
adjacent concrete surfaces for each type and age of joint. Table 43 contains 
the same information for contraction joints. The number and percentage of 
wheel paths over expansion joints having high fillers, and the maximum and 
average heights of high fillers for each type and age of joint whose original 
width was 1 in. or less, are given in Table 44. Data for contraction joints 
similar to those in Table 44 are given in Table 45. Data relating to high and 
low fillers, for the 2-in. bituminous premolded joint and the 4-in. open joint, 
are given in Table 46. 

The fillers on both expansion and contraction joints were generally lower 
than the adjacent concrete surfaces (Tables 42 and 43), and no wide varia- 
tions existed except in the case of the 4-in. open joints. The average level of 
the filler below the concrete for all except the 4-in. joints was %e in. to 6 in., 
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TABLE 42 
SuMMARY OF MEASUREMENTS TAKEN TO DETERMINE THE HEIGHT OF 
FILLeR OVER EXPANSION JOINTS 
(Survey made during winter of 1939-40)! 
Average Height of Filler with Respect to Concrete Surface, in. 
4h Number 
oe oF : “of Wheel path 
years Joint Joints ee 
1 2 3 4 
1 Fiber 328 —0.041 —0.061 —0.059 —0.040 —0.050 
Bituminous 40 —0.023 —0.036 —0.030 —0.006 —0.024 
premolded Le 
Totals and Averages 368 —0.039 —0.058 —0.053 —0.036 —0.047 
2 J-1 201 —0.035 —0.037 —0.040 —0.027 —0.036 
J-4 (16 —0.052 —0.077 —0.088 —0.075 —0.079 
Totals and Averages 278 —0.040 — 0.048 —0.053 —0.040 —0.048 
3 J-1 166 —0.027 —0.028 —0.032 —0.026 —0.029 
J-4 70 —0.120 —0.120 —0.080 —0.081 —0.110 
Totals and Averages 236 —0.055 —0.055 —0.046 —0.042 —0.053 
4 J-1 195 —0.008 —0.003 —0.002 —0.007 —0.006 
J-2 100 —0.023 —0.040 —0.030 —0.024 —0.028 
J-4 - 40 —0.017 —0.025 —0.026 —0.053 —0.030 
Fiber 182 —0.142 —0.152 —0.150 —0.149 —0.149 
Totals and Averages ay / —0.059 —0.064 —0.061 —0.064 —0.062 
5 J-2 128 —0.036 —0.042 —0.037 —0.028 — 0.036 
6 Bituminous 10 —0.019 —0.078 —0.073 —0.116 —0.073 
premolded 
All Ages} 4-in. open 242 —0.280 —0.270 —0.260 —0.280 —0.270 


1 Four-year-old fiber joints surveyed during February and March, 1943. 


and there was no indication that the height of the filler is affected by the type 
or age of joint. It is obvious that such a small difference in elevation would 
not produce sufficient vertical displacement of the wheels of vehicles to be 
noticeable to passengers, especially on narrow joints such as those under dis- 
cussion. On the other hand, at the temperature at which the examinations 
were made, it could be expected that the fillers on the 4-in. joints would be 
low, due to the relatively large movements caused by contraction of the con- 
crete and to the concurrent shrinkage of the large volume of filler in the joint. 
The average depression at these joints was approximately 4 in., which, 
because the joints were wide enough to permit wheels to roll down into the 
depression, probably would make them noticeable, if not disturbing, to 
passengers. 

The data, however, do not give a complete picture of the relation of filler 
to riding quality, because they show nothing as to the riding qualities of 
individual jomts; after all, it is the condition at each joint and each wheel 
path that determines whether or not a vehicle will ride smoothly over it. In 
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TABLE 43 


SuMMARY oF MEASUREMENTS TAKEN TO DeTERMINE THE HEIGHT oF 
FILLER OVER ConTRACTION JOINTS 
(Survey made during winter of 1939-40) 


Average Height of Filler with Respect to Concrete Surface, in. 
Age Type Number 
of of Wheel path 
years ~ Joint Joints 
Average 
it 2 3 4 
2 J-1 209 —0.090 —0.090 —0.086 —0.079 —0.085 
J-4 a —0.033 —0.026 —0.045 —0.033 —0.038 
Totals and Averages 286 —0.075 —0.073 —0.075 —0.067 —0.072 
3 J-1 166 —0.039 —0.034 —0.039 —0.046 —0.033 
J-4 70 —0.016 =(0017 —0.026 —0.022 —0.022 
Totals and Averages 236 —0.032 —0.029 —0.035 —0.039 —0.030 
4 J-1 195 0.016 0.017 0.023 0.031 0.022 
J-2 100 —0.008 —0.010 0.006 0.020 —0.004 
J-4 40 0.017 0.022 0.012 0.019 0.018 
Totals and Averages 335 0.009 0.010 0.017 0.026 0.014 
5 jen 128 Sp Oise 0, 016) 901015 || =o oll —0rol4 
TABLE 44 
SUMMARY SHOwING NuMBER OF WHEEL PATHS OVER EXPANSION JOINTS 
Havine Hicu Fiuters AnD THE MaxIMuM AND AVERAGE 
HEIGHTS OF THE FILLERS 
(Survey made during winter of 1939-40)! 
Wheels Paths Having Height of. 
Number High Filler High Filler, in. 
Number ° 
Age Type af 
of Joints Meee 
ears Joint A ats ss . 
ee Examined | Measured | Number ee = Maximum | Average 
1 Fiber 83 332 (al 21.4 0.34 0.10 
Bituminous ‘ 
premolded 10 40 13 32.5 0.13 0.08 
Totals and Averages 93 372 84 PRIS . 0.10 
J-1 190 760 254 33.4 0.41 0.07 
é J-4 (er 308 27 8.8 0.09 0.04 
Totals and Averages 267 1,068 281 26.4 0.06 
- 175 700 232 ood 0.97 0.06 
: 4 70 280 39 13.9 0.13 0.05 
Totals and Averages 245 980 271 DHENTE 0.06 
4 J-1 195 780 351 45.0 0.25 0.08 
J-2 100 400 116 29.0 0.22 ie 
J-4 40 160 49 30.6 0.25 Oree 
Fiber 182 728 52 Tok 0.15 5 
Totals and Averages 517 2,076 568 27.4 0.06 
5 J-2 118 472 137 29.0 0.19 0.06 


1 Four-year-old fiber joints surveyed during February and March, 1943. 


174 ILLINOIS ENGINEERING EXPERIMENT STATION 


Tables 44, 45, and 46, the data relating to fillers on each type and age of 
joint are considered with respect to the prevalence of high and low fillers at 
individual wheel paths. 

From 7 to 45 per cent of the wheel paths over fiber, air-chamber, and 
bituminous premolded expansion joints had high fillers (Table 44). Where a 
direct. comparison at equal ages can be made, the J-1 joints appear to have 
had a greater proportion of high fillers than the other types of metal joints, 
though the difference probably was not great enough to be of any real sig- 
nificance as far as riding comfort is concerned. There is a noticeable difference 
between the fiber and bituminous premolded joints of the same age, the latter 
showing about 50 per cent more high wheel paths. This may be explained by 
the fact that the bituminous premolded material extrudes greatly when com- 
pressed, while the extrusion of the fiber material is scarcely noticeable. On 
the basis of age, the wheel paths having high fillers ranged from 22 to 29 
per cent, with a trend toward an increase with age, probably due to periodic 
filling and to progressive closing of the expansion joints. There was no sig- 
nificant difference in the average height of the high fillers for any of the air- 
chamber or premolded expansion joints. 

Table 45 shows that the data for the contraction joints are in general 
agreement with those for the expansion joints. High fillers were found at 
12 to 59 per cent of the wheel paths over these joints. There existed the same 
tendency for the proportion of high fillers to increase with age, and the 
average height of the high fillers was practically the same as for the expansion 
joints, approximately %¢ in. 


TaBLE 45 
SUMMARY SHOWING NUMBER OF WHEEL PATHS OVER CONTRACTION JOINTS 
Havine Hicu FILLERS AND THE MaxIMUM AND 
AVERAGE HEIGHTS OF THE FILLERS 
(Survey made during winter of 1939-40) 


Wheel Paths ¢ , a R 
Number Number . : s Height of High Filler, in. 
Age ie ce of Wheel Having High Filler & 
ets of Joint oe ; Paths 
3 xamined | Measured 
ee Number | Percentage Maximum Average 
2 J-1 190 760 89 ug, 0.13 0.05 
J-4 77 308 74 24.0 0.16 0.04 
Totals and Averages 267 1,068 163 15.4 2 OR05 
3 J-1 175 700 236 33.7 0.12 0.04 
J-4 70 280 83 29.6 0.10 0.05 
Totals and Averages 245 980 319 32.6 0.04 
4 J-1 195 780 461 59.1 0.22 0.06 
J-2 100 400 184 46.0 0.26 0.05 
J-4 40 160 70 43.7 0.19 0.06 
Totals and Averages 335 1,340 715 53.5 0.06 
5 J-2 113 452 132 29.2 0.16 0.05 
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At the time of the examination of the 4-in. open joints and the 2-in. 
bituminous premolded joints, low fillers were much more prevalent than high 
fillers (Table 46). The wheel paths having high fillers ranged from 2.5 to 12.5 
per cent and those having low fillers from 87.5 to 97.5 per cent, for the 
various age groups into which the joints were divided. The average extrusion 
was considerably less than the average intrusion or depression of the filler, 
the former ranging from 0.03 in. to 0.15 in. and the latter from 0.15 in. to 
0.55 in. Obviously, at the time of year the examinations were made, low 
fillers in those joints were a greater factor in affecting riding quality than high 
fillers. 

The data presented heretofore show that about 30 per cent of the wheel 
paths over fiber, 1-in. bituminous premolded, and air-chamber joints had high 
fillers. In other words, 30 per cent of the wheel paths were potentially rough, 
the degree of roughness depending on the height of extrusion. The extrusion 
averaged about %e in. for the 1-in. bituminous premolded and air-chamber 
joints and about 4% in. for the fiber joints. These extrusions, about the same 
as may be expected of the fillers over transverse cracks, should contribute no 
more to roughness than do transverse cracks, except as their influence may be 
intensified at certain speeds by rhythmic build-up in the springs of vehicles 
due to the regular spacing of the joints. It should be remembered that the 
investigation was made at a time when the fillers were naturally low. Had 
the measurements been made when the joints were at their minimum seasonal 
opening, both the average height of the filler and the number of high wheel 
paths undoubtedly would have been considerably greater than shown by 
this report. 

Considering the data for the 2-in. bituminous joints and the 4-in. open 
joints, all of the wheel paths were potentially rough, because these joints are 
wide enough for low fillers to be a factor in producing roughness. Low fillers 
were much more prevalent than high fillers. The average height of filler at 
wheel paths showing extrusion varied from %2 in. to %2 in., which is about the 
same as may be expected at transverse cracks. The average intrusion or de- 
pression ranged from %e in. to %e in. It should be remembered that at another 
season of the year the conditions would be entirely different. In hot weather, 
the closing of the joints and the swelling of the asphalt would result in most 
fillers being high, many of them to such an extent as to require the removal 
of some of the asphalt. 


(2) Variations IN Surrace or Concrers. In making a study of surface 
variations, on the assumption that the pavements were built to the surface 
smoothness requirements in effect at the time of construction, the maximum 
variation in a 10-ft. length spanning a joint was taken as the element for 
comparison; namely, not more than % in. in 10 ft. for earlier pavements 
and not more than % in. in 10 ft. for pavement built after March 23, 1931. 
The latter specification covered all pavements less than eight years old at the 
time of the investigation. The data relating to surface variations are given in 
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Tables 47 to 52, inclusive. The variations included in these tables are those 
in the concrete surfaces, disregarding the joint fillers, the effect of which has 
already been discussed. 

Tables 47 and 48, presenting data for expansion and contraction joints, 
respectively, show that the average maximum surface variations adjacent to 
these joints were for the most part only slightly greater than the limiting 
value permitted by the specifications in force at the time of construction. 
On thé pavements with six-year-old bituminous premolded joints and four- 
to seven-year-old 4-in. open joints, the average variations exceeded the speci- 
fication limits by about % in.; for all other pavements, the average variation 
exceeded the specification limit by less than %e in. Neither age nor type of 
joint, except those mentioned above, appears to have any definite influence 
on surface variations. The four- to seven-year-old pavements with 4-in. open 
joints, built under the % in. requirement, showed approximately the same 
average maximum variations as the older pavements of this type built under 


TABLE 47 


SumMMARY SHowine Maximum VARIATIONS IN CONCRETE 
SuRFACE ADJACENT TO EXPANSION JOINTS 
(Survey made during winter of 1939-40)! 


Average Maximum Variation in 
10-ft. Length of Concrete Surface, in. 
Age Type Seas say es 
Rents of Joint Tene eel pa 
Average 
1 2 3 4 
1 Fiber 328 0.141 0.146 0.148 0.142 0.144 
Bituminous 
premolded 40 0.165 0.179 0.175 0.187 0.177 
Totals and Averages 368 0.144 0.150 0.151 0.147 0.148 
— -1 201 0.144 0.138 0.140 0.141 0.141 
z 4 77 0.132 0.126 0.126 0.135 0.130 
Totals and Averages 288 0.136 0.130 0.131 0.135 0.133 
-1 166 0.142 0.137 0.138 0.148 0.141 
: J 70 0.130 0.120 0.140 0.130 0.130 
Totals and Averages 236 0.138 0.132 0.139 0.143 0.138 
-1 195 0.141 0.136 0.136 0.140 0.139 
: 2 100 OFS 0.146 0.143 0.146 0.142 
J-4 40 0.167 0.168 0.164 0.163 0.166 
Fiber 182 0.158 0.165 0.158 0.159 0.160 
Totals and Averages 517 0.146 0.151 0.147 0.150 0.149 
5 J-4 128 0.170 0.180 0.170 0.170 0.170 
. ed 10 0.238 0.280 0.289 0.287 ON275 
4to7 4-in. open 92 0.210 0.200 0.200 0.230 0.210 
8 to 16 4-in. open 150 0.240 0.230 0.230 0.240 0.240 


1 Four-year-old fiber joints surveyed during February and March, 1943. 
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TABLE 48 


Summary SHowinc Maximum VARIATIONS IN CONCRETE SURFACE 
ADJACENT TO CONTRACTION JOINTS 
(Survey made during winter of 1939-40) 


Maximum Variation in 10-ft. Length of Concrete Surface, in. 
y, aD Number 
nee ee Por Wheel path 
years Joint Joints Ruersae 
1 2 3 4 
2 J-1 209 0.143 0.132 0.130 0.129 0.133 
J-4 77 0.110 0.110 0.110 0.120 0.110 
Totals and Averages 286 0.134 0.126 0.125 Oolzt 0.127 
3 » J-1 166 0.136 0.130 0.127 0.132 0.132 
J-4 70 0.120 0.120 0.120 0.120 0.120 
Totals and Averages 236 0.131 0. 127 0.125 0.128 0.128 
4 J-1 195 0.133 oe Ohtesit Oni3t 0.131 0.132 
J-2 100 0.133 Onts2 0.125 0.136 0.132 
J-4 40 0.138 0.144 0.141 0.153 0.144 
Totals and Averages Bob 0.134 0.133 0.130 0.135 0.133 
5 J-2 128 0.150 0.150 0.150 0.158 0.150 


the % in. in 10 ft. requirement. Both had average variations of about ™% in. 
Data presented in Tables 47 and 48 indicate that joints may adversely affect 
riding qualities, but they do not reveal the condition at individual joints. It 
is necessary to make a more detailed study in order to obtain a clearer picture 
of the extent to which riding may be affected by joints. 

Roughness, as indicated by its effect on passengers in a vehicle, is de- 
termined by the frequency and magnitude of the individual surface variations 
over which the vehicle passes. A large number of relatively small variations, 
if spaced at regular intervals, may result in a rhythmic build-up in the spring 
movements which intensifies the vertical movements of the vehicle until they 
become objectionable. Relatively large variations at infrequent intervals also 
are disturbing. Between these limits are many combinations of number and 
size of variations which will influence the riding qualities of pavements to 
various degrees. 

Summarized data showing the size and frequency of the surface variations 
of pavements of various ages, considering expansion joints and contraction 
joints separately, are presented in Tables 49 and 50. In this analysis, it is 
assumed- that pavements are smooth riding when built to a specification re- 
quirement that variations shall not exceed % in. in 10 ft.; in other words, 
that roughness varies directly with the number and size of variations which 
exceed 7% in. in 10 ft. Tables 49 and 50 give in percentages the wheel paths 
over joints which had surface variations of various sizes. For example, 
Table 49 shows that of the 1,292 wheel paths over 323 one-year-old fiber 
joints, 61.4 per cent had maximum variations of % in. or less, 34.4 per cent 
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over ¥ in. and not more than % in., 3.9 per cent over % in. and not more 
than % in., and 0.3 per cent over % in. and not more than % in. 

Variations over 1% in. were found on from 22 to 90 per cent of the wheel 
paths measured over expansion and contraction joints. There is little indica- 
tion that age or type of air-chamber expansion joints had any influence on 
the number of variations over % in. Metal contraction jomts had a larger 
percentage of wheel paths with maximum variations of % in. or less. The 
pavements having the greatest percentage of variations at joints over % in. 
were those constructed with bituminous premolded and 4-in. open joints. 
Approximately 51 per cent of the wheel paths over the one-year-old bitu- 
minous premolded joints had variations greater than % in. Ninety per cent 
of the wheel paths over the six-year-old bituminous joints were in the same 
category. These, however, were special joints installed experimentally on one 
section of pavement and, as only 10 joints were examined, the data should not 
be given too much weight. A greater percentage of wheel paths over 4-in. 
open joints in pavements eight to 16 years old showed maximum variations 
exceeding 4g in. than over the same type of joint in pavements four to seven 
years old, but this may be due to the older pavements being built to a less 
strict surface requirement rather than to age. 

In Table 51, relative roughness ratings are given for pavements of 
various ages with different types of joints. The relative roughness rating is a 
value determined by multiplying the percentage of wheel paths in the several 
maximum height increments by arbitrarily assigned constants and adding 
these products together. In this analysis, the increment between % in. and 
¥% in. is given a value of one, that between %4 in. and % in. a value of two, 
that between % in. and % in. a value of three, and variations over % in., 
of which there were very few, are given a value of four. In analyzing these 
ratings, it must be remembered that they are relative values which have no 
quantitative significance. In other words, if one pavement has a rating of 100 
and another a rating of 50, the former is rougher than the latter, but not 
necessarily twice as rough. 

In Table 51, the maximum and minimum averages shown are for the sec- 
tions of pavement in each classification having the highest and lowest ratings. 
The range is simply the difference between maximum and minimum averages. 
The grand average is the weighted average for all the sections in one classifica- 
tion; for example, this value for the one-year-old fiber joints is the average for 
33 sections of pavements weighted in accordance with the number of joints ex- 
amined on each section. The last three columns give in percentages the num- 
ber of sections whose average roughness rating falls in three different ranges. 
The reasons for choosing these ranges will be discussed later. 

The maximum, minimum and grand averages are generally favorable to 
the air-chamber joints, the values for the premolded and 4-in. open joints 
being in most cases somewhat higher. There are no indications that age in- 
fluenced roughness ratings. While the pavements with 4-in. open joints appear 
to be an exception, those 8 to 16 years old showing higher ratings than do 
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those from 4 to 7 years old, it must be remembered that the former were 
built to a less strict surface requirement, which may easily account for the 
difference. 

Considering individual sections of pavement, an analysis may be made 
which correlates to some extent roughness rating in terms of riding quality. 
Route 161, Section 10, a one-year-old pavement with fiber joints, has a 
roughness rating of 102.5. Section 10-H, which adjoins Section 10, is ap- 
proximately the same age and has a roughness rating of 47.5. A group of 
engineers driving over both these sections one day at the same speed detected 


TABLE 51 


Summary or RouGHNESS RATINGS FOR PAVEMENT SURFACES ADJACENT 
To EXPANSION AND CONTRACTION JOINTS 
(Survey made during winter of 1939-40)! 


Roughness Rating Percentage of Sections with 
Average Rating between 
Type of 
Age Joint Maxi- | Mini | Grand | p 3 
mum mum ange 3 x ver 
years avetaue: | averaes average 0-50 51-100 100 
1 Fiber 130.0 2.5 43.1 127.5 64 30 6 
Bituminous 
premolded 110.0 25.0 60.7 85.0 50 25 25 
Average 127.9 4.9 45.0 122.9 62.4 29.4 8.1 
2 J-1 (E) 115.0 0.0 45.3 115.0 60 30 10 
J-1 (C) 87.5 0.0 38.8 87.5 65 35 0 
J-4 (EB) 82.5 2.5 34.1 80.0 75 25 0 
J-4 (C) 62.5 0.0 225 62.5 88 12 0 
Average 93.2 0.3 38.2 92.9 67.7 28.7 3.6 
3 J-1 (EB) 87.5 2.5 42.2 85.0 72 28 0 
J-1 (C) 100.0 2.5 31.8 975 72 28 0 
J-4 (E) 82.5 12.5 36.8 70.0 71 29 0 
J-4 (C) 52).5 ON) 26.2 50.0 86 14 0 
Average 86.0 4.0 35.4 82.0 73.9 26.1 0 
4 J-1 (E) 95.0 2.5) 37.0 92.5 75 25 0 
J-1 (C) 95.0 5.0 33.4 90.0 80 20 0 
J-2 (B) 82.5 0.0 46.2 82.5 40 60 0 
J-2 (C) 60.0 0.0 39N5 60.0 70 30 0 
J-4 (EB) 92.5 22.5 56.8 70.0 50 50 0 
J-4 (C) 82.5 5.0 44.4 Utes wo 25 0 
Average 87.0 3.8 39.3 83.2 69.0 31.0 0 
Fiber 165.0 25.0 70.5 140.0 33 45 22 
Average 96.1 8.6 47.0 87.5 63.9 33.0 ot 
5 J-2 (E) 110.0 tio 67.5 92.5 25 58 ie 
J-2 (C) 1205 2.5 50.8 110.0 42 50 8 
Average 113 10.0 59.2 101.3 33.5 54.0 12 ou 
6 Bituminous 
premolded 155.0 155.0 155.0 (¢) 0 (0) 100 
4-7 4-in. open 200.0 45.4 100.8 154.6 25 i 25 50 
8-16 4-in. open 207.5 75.0 117.3 12285 0 42 58 


1 Four-year-old fiber joints surveyed during February and March, 1943. 
(E)-Expansion Joint (C)-Contraction Joint 
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a marked difference in the riding qualities of the two sections. On Section 10 
every joint was noticeable to a disturbing degree by the pitching of the car, 
while Section 10-H was smooth riding and produced no indications of the 
presence of joints. Unfortunately, no similar comparisons have been made for 
other pavements for which the roughness rating is known, but judging from 
this one experience it seems probable that a pavement having a roughness 
rating around 50 will be smooth riding, while one having a rating around 100 
will be rough riding. If it is assumed that pavements having a roughness 
rating of 50 or less are smooth, those with ratings between 50 and 100 are 
moderately rough, and those with rating above 100 are very rough, a further 
basis for comparison is provided. 

Attention is called to the fact that these ratings are not real measures of 
pavement roughness, since they do not take into consideration the spacing of 
joints or the roughness of the pavement between joints induced by trans- 
verse cracks or other causes. In the case of the example given above, the two 
sections being of equal age and having the same type of joint at the same 
spacing, it is probable that the ratings provide a reasonable comparison of 
surface smoothness. However, if one pavement has joints at 50-ft. intervals 
and another has joints at 1,000-ft. intervals, their respective riding qualities 
probably will be distinctly different in spite of the fact that the roughness 
ratings of the joints may be equal. Actually the roughness rating is a rela- 
tive measure of the influence of joints on roughness, without regard to spacing 
or other factors. 

In the last three columns of Table 51, the percentage of sections in each 
of these three roughness classifications is given for each type and age of joint. 
On the whole, these data show that the pavements with air-chamber joints 
had slightly lower ratings than those with premolded and 4-in. open joints, 
a greater proportion of the former falling in the lower rating classifications. 
Of the pavements with premolded and 4-in. open joints, those containing fiber 
joints had the highest percentage of sections in the smooth classification; 
those with bituminous premolded joints, exclusive of one special section six 
years old, were next; and those with 4-in. open joints had the highest per- 
centage in the rougher classifications. In the case of the latter type, the older 
pavements are the rougher, but, as explained before, this may be due to the 
less rigid surface requirement under which they were built. 

There is no indication from these data that age affects the distribution 
among the three roughness classifications. This is evidenced by the two-year- 
old pavements with air-chamber joints having averages of 67.7, 28.7, and 
3.6 per cent in the three classifications, respectively; three-year-old pave- 
ments 73.9, 26.1, and 0.0 per cent, respectively; and four-year-old pavements 
69.0, 31.0, and 0.0 per cent, respectively. 

A study of the data shows that in general there was no important differ- 
ence between the roughness classifications for the pavements with J-1 and J-4 
joints, one showing to advantage at one age and the other having a greater 
percentage in the smooth classification at another age. The pavements with 
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J-2 joints, especially those five years old, had proportionately fewer sections 
in the smooth classification and commensurately higher percentages in the 
rougher classifications. 

Two reasons are advanced to explain these findings. First, those pavements 
were the initial ones built with J-2 joints, and the lack of experience in in- 
stalling the joints, together with the fact that the joint, being in the develop- 
ment stage, had many faults, may have resulted in roughness being built into 
the pavements. Second, the nature of the load transmission device on this 
joint is such that any misalignment of the devices, or deposits of mortar be- 
tween the base sleeve and the devices, will tend to move the ends of the slab 
vertically as the joints open and close due to changes in length of the concrete. 

The load transmission device consists of sections of structural angle about 
1 ft. long, placed alternately on each side of the joint, with the vertical leg 
extending upward and secured to the end of the concrete slab by means of 
lugs, and the horizontal leg extending across the joint and under the end of 
the adjacent slab. The horizontal legs are encased in a sheet metal sleeve to 
provide expansion space in which the angles can move. The horizontal legs 
must remain parallel to the plane of the pavement in order to act properly. 
If they become tilted during construction, as they often did, then the bottom 
of the slab conforms to the slope of the horizontal leg, and during movement 
of the pavement the ends of the slabs tend to ride up on the angle, causing 
them to rise. Uneven deposits of mortar between the angle and the base sleeve 
will produce the same result. 

As shown by other analyses, these data also show that pavement surfaces 
adjacent to contraction joints are smoother than those adjacent to expansion 
jomts. For example, the pavements two years old with J-1 expansion joints 
had 60, 30, and 10 per cent in the smooth, moderately rough, and very rough 
classifications, respectively, and those with J-1 contraction joints had 65, 35, 
and 0.0 per cent in the same classifications. The same relative comparisons 
exist for the other types of joints. 

The foregoing analyses indicate that as a whole the concrete surfaces ad- 
jacent to joints have greater variations than permitted by the specifications 
under which the pavements were built. The wheel paths having maximum 
variations in 10 ft. of more than % in. ranged from approximately 22 per 
cent for pavements with one type of contraction joint to 90 per cent found 
on one section of pavement with 2-in. bituminous premolded joints. The great 
majority of variations were not over 4 in. The pavements with air-chamber 
joints in general had smaller variations and fewer exceeding the limits of the 
specifications than pavements with other types of joints. The surfaces ad- 
jacent to metal contraction joints were somewhat less rough than those 
adjacent to air-chamber expansion joints. Where direct comparisons are pos- 
sible, it appears that age had no effect on the surface variations at joints. 

In 1943 measurements of surface elevations were made at 10 expansion 
joints and 10 contiguous transverse cracks on each of seven sections con- 
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taining fiber joints, 10 sections containing air-chamber joints, and 10 sections 
containing 4-in. open joints. The relative roughness ratings for the joints and 
eracks for each section are given in Table 52. In almost every case the rough- 
ness rating for the surface adjacent to cracks was considerably lower than for 
joints. Comparing averages, fiber joints had a roughness rating of 51.8, con- 
tiguous cracks a rating of 20; air-chamber joints a rating of 48.5 as com- 
pared with 29.3 for the cracks; 4-in. open joints a rating of 135.9, adjacent 
eracks 44.3. It is evident from these data that concrete surfaces adjacent to 
expansion joints are subject to greater variations than those at transverse 
cracks and that, on the whole, jointed pavements can be expected to be 
somewhat less smooth than cracked unjointed pavements. 

Even though this difference between joints and transverse cracks did not 
exist, pavements with a relatively large number of joints may be expected 
to be rougher than unjointed pavements or pavements with joints at long 
intervals, at least for a greater part of their service life, because of the greater 
frequency of joints. While it is true, as is shown hereinafter, that the number 
of cracks in an unjointed pavement, or the number of joints and cracks in a 
pavement with joints at long intervals, eventually may equal the number of 
jomts and cracks in a pavement of equal age built with joints at close inter- 
vals, such as those in Illinois with air-chamber joints, on the average this will 
not occur until well along in the service life of the pavement. Based on its 
statewide survey, the University committee, in its report to the Governor, 
concluded, “There are indications that age for age the pavements in Illinois 


TABLE 52 
CoMPARATIVE RELATIVE ROUGHNESS RATINGS OF SURFACES ADJACENT TO 
EXPANSION JOINTS AND TRANSVERSE CRACKS FOR 
VARIOUS PAVEMENT SECTIONS 
(Measurements made during April, 1943) 


Fiber Joint Sections Air-Chamber Joint Sections 4-in. Open Joints 
Average Average Average Average Average Average 
at joints at cracks at joints at cracks at joints at cracks 

100.0 25.0 85.0 17.5 92.5 47.5 
35.0 25.0 15.0 25.0 135.0 65.0 
27.5 15.0 30.0 0.0 130.0 42.5 
102.5 22.5 32.5 47.5 192.0 55.0 
142.5 22). 67.5 25.0 102.5 35.0 
0.0 0.0 55.0 47.5 110.0 205 
55.0 30.0 DR Is) 15.0 65.0 32.5 
Bis 1275 20.0 90.0 30.0 
Koi. 85.0 42.5 252.5 47.5 
i aeoke 80.0 52.5 189.0 60.0 
A Average Average Average Average 
a 20.0 48.5 29.3 135.9 44.3 


Each represents one section of pavement. f a ; a 1 ne: ; 
Aeetage ages of pavements: fiber joint sections—9 years, air-chamber joint sections—6 years; 


4-in. open joint sections—l11 years. 
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built with 4-in. joints at 800-ft. intervals are better riding and better ap- 
pearing than those built under the present specifications.’ 

As will be shown later in this report, unjointed pavements may be 12 or 
13 years old before they develop transverse cracks in sufficient number to 
equal joints spaced at 30-ft. intervals. Hence during this 12- or 13-year period, 
when the motoring public expects the most in riding comfort, the unjomted 
pavements and those with joints at long intervals can be expected to be 
smoother riding than pavements with closely spaced joints. This seems to be 
the most important factor in the consideration of joints with respect to riding 
quality; that is, when joints are installed, especially at close intervals, rough- 
ness results which on the average will not be equalled in an unjointed: pave- 
ment for many years. Therefore, in order to maintain good riding qualities 
for the longest possible time, it would seem logical to install the smallest 
number of joints commensurate with other design requirements. 


(h) Cracking of Concrete Pavements 


When the use of air-chamber expansion and metal contraction 
joints was adopted, it was thought that spacing them at intervals of 
30 ft. would eliminate to a great extent the formation of transverse 
cracks. This belief was based on the results of crack surveys on a large 
mileage of pavement built without joints or with 4-in. open joints 
spaced at long intervals. The average crack interval in pavements 
13 years old was approximately 28 ft., and extrapolation of the curve 
plotted from these data indicated that new cracks would develop very 
slowly after that age. Subsequent experience, however, proved that 
joints spaced at 30 ft. will not control cracking. A survey made in 
1934 of 280 miles of pavement built in 1933, with air-chamber ex- 
pansion and metal contraction joints spaced at 30 ft., showed that 
cracks developed in more than 2 per cent of the panels between joints 
the first year. A survey made in 1937 of some 50 miles of these pave- 
ments showed that 17 per cent of the panels were cracked at four years. 

The survey in 1939 included 606 miles of pavement, consisting of 
520 miles with joints spaced 30 to 50 ft., ranging in age from one to 
six years, and 86 miles with 4-in. open joints ranging in age from four 
to 16 years. In making the survey on pavements containing fiber, bitu- 
minous premolded, and air-chamber joints, the cracks were plotted 
with reference to adjacent joints, and such features as cut, fill, cut and 
fill, culverts, bridges, drainage, subgrade replacement, and mudjacked 
areas were recorded. This gives a complete record which will serve as a 
basis for a study of progressive cracking in the future. On the pave- 


4 Air-chamber expansion joints at 90 ft. with two metal contraction joints between, dividing 
the pavement into 30-ft. panels. 
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ments with 4-in. open joints, the number of cracks was counted and 
the average crack interval determined by dividing the length of the 
pavement by the number of cracks. Summaries of the data are given 
in Tables 53 and 54. 

Referring to Table 53, which gives data for pavements with air- 
chamber and premolded joints, it is seen that the percentage of broken 
panels increases with age, ranging from 7.7 per cent at one year to 
32.4 per cent at five years. The cracking in the six-year-old pavement 
is abnormally high when compared with that at other ages, but only 
one section of pavement was surveyed and this perhaps was not repre- 
sentative of average conditions. As shown by the table, the amount of 
cracking on individual sections varied considerably from the average, 
regardless of age of pavement or type of joint; it is probable that the 
cracking found on this section of six-year-old pavement is more nearly 
representative of the maximum condition to be expected. There is no 
indication from the average data in Table 53 that one type of joint 
influenced cracking more than another. The maximum cracking on in- 
dividual sections was somewhat lower in the pavements with J-1 joints 
than in pavements with other types of joints, but considering the many 
variables which may affect cracking, this probably is of no significance. 

From the available data it appears that cracks develop more 
rapidly in reinforced pavements with joints spaced at 50-ft. intervals 
than in unreinforced pavements with joints 30 ft. apart. Table 53 
shows that there were 8.5 transverse cracks per mile in the one-year- 
old reinforced pavements with fiber joints at 50-ft. intervals, whereas 
there were 4.5 cracks per mile in the one-year-old unreinforced pave- 
ments with bituminous premolded joints spaced 30 ft. apart. At four 
years, the unreinforced pavements with air-chamber expansion and 
metal contraction joints at 30 ft. had approximately 40 natural cracks 
per mile, as compared with 55 cracks per mile in pavements with fiber 
joints at 50-ft. intervals. A survey made in 1934, covering one-year- 
old unreinforced pavements with joints spaced 30 ft. apart, showed 
4.0 cracks per mile, which agrees closely with the value given above 
for pavements with bituminous premolded joints. The only apparent 
difference between the pavements with fiber joints and those with 
bituminous premolded joints is that the former contain wire mesh 
reinforcement and the joints are spaced 50 ft. apart. It does not seem 
reasonable that the mesh reinforcement would contribute to cracking; 
however, it may be that the warping stresses in a 50-ft. slab are 
greater than in one 30 ft. long. The data are too limited to warrant a 


definite conclusion. 
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It was noted during the 1939 investigation that the cracks in pave- 
ments with wire mesh reinforcement were not opening up, even in 
cold weather. This indicated that the wire mesh was effective in 
holding the cracked slabs together; however, the pavements, being 
only one year old at the time, had not been in service long enough to 
establish the real merit of mesh reinforcement. Special attention was 
given this question in the supplementary investigation made in 1943 
on five-year-old pavements with mesh reinforcement. On the 18 sec- 
tions of pavement examined, 3,997 transverse cracks were found and 
all but 32 were tightly closed. The open cracks were isolated in three 
sections, one in each of two sections and 30 on the third section. The 
open cracks in the latter section were not distributed throughout the 
entire length but had developed on only one part of the section, 
indicating that they probably were caused by some condition peculiar 
to that part of the section. Examinations made throughout the state 
in 1945 indicated that the wire mesh reinforcement in pavements built 
in 1938 was still highly effective in holding cracks tightly closed. It 
was also observed that the expansion joints in the reinforced pavement 
had not exhibited the tendency to close permanently as do joints in 
unreinforced pavements. At four years the air-chamber joints, which 
were in unreinforced pavements, had closed an average of 0.35 in. to 
0.50 in., while fiber joints in reinforced pavements of the same age 
were practically the same width as when installed (Table 41). 

These data show conclusively that the wire mesh reinforcement 
was effective in holding transverse cracks closed. It is possible that 
corrosion may eventually so reduce the cross section of the wires where 
they are exposed at cracks that they will no longer have the strength 
to resist. the forces tending to pull the slabs apart. If that occurs, then, 
of course, the pavements will act as any other pavement. Foreign 
material will enter the cracks when they open up and the joints will 
close progressively until their value in absorbing temperature move- 
ments of the concrete will be destroyed. Should future investigations 
of these pavements reveal that corrosion seriously affects the value 
of wire mesh, then the need for a heavier mesh would be indicated. 

Based on present knowledge, however, it would appear that mesh 
weighing 55 Ib. per 100 sq. ft. in 50-ft. panels is highly effective in 
holding broken slabs together, thereby preventing to a large extent the 
growth of pavements caused by infiltration of foreign material into 
cracks, and extending the value of expansion joints over a longer 
period. 

There was a wide range in the amount of cracking found on indi- 
vidual sections of pavement in the same age group containing the 
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same kind of joints. With the exception of one-year-old pavements 
with bituminous premolded joints, which had very few broken panels, 
the maximum number of broken panels on any one section ranged 
from 49 to 99 per cent and the minimum number from 0.0 to 6.5 per 
cent. Such differences as exist between the data for different types of 
joints are negligible and cannot be considered as indicating that one 
type of joint had more influence on cracking than another type, as 
long as other conditions were the same. 

The rate at which transverse cracks occur is indicated by the 
average number of cracks per mile. It will be seen from Table 53 that 
the number of transverse cracks increased with the age of the pave- 
ment. It also appears that more transverse cracks occurred during 
some years than others. In one district where progressive surveys were 
made for several years on seven sections of pavement whose aggregate 
length was 30 miles, it was found that in the period between February 
and December, 1939, the number of transverse cracks increased at the 
rate of 53 per mile, as compared with an increase of two per mile 
during the period from February, 1937, to February, 1939. 

Some authorities are of the opinion that pavements will crack less 
if they are under longitudinal compression, the theory being that the 
compressive stress must be overcome before the slab can develop the 
tensile stresses that cause the cracks. The air-chamber expansion joints 
were placed 90 ft. apart with two contraction joints between each 
pair of expansion joints. This arrangement gave one slab between two 
contraction joints and two slabs bounded by an expansion joint and a 
contraction joint. It was suggested that if this arrangement provided 
greater compression between contraction joints than between the 
expansion and contraction joints, fewer cracks could be expected 
between contraction joints. As shown by Table 53, it was found that 
almost exactly one-third of the broken panels were between contrac- 
tion joints. Since one-third of all the panels were between contraction 
joints, it is evident that the same relative cracking occurred in both 
types of panels. This does not necessarily refute the theory referred 
to above. Relief no doubt was afforded the center panel equally as 
much as the two panels adjacent to the expansion joints, resulting in 
all being under the same stress. 

The results of the survey on pavements built with 4-in. open joints 
are given in Table 54. It is seen from these data that the number of 
transverse cracks increases with the age of the pavement. The trend, 
however, is not so definite as in the case of the data obtained from 
pavements built with metal and premolded joints at close spacings, 
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TABLE 54 
Summary or Dara RELATING TO CRACKING oF ConcRETE PAVEMENTS 
Buitr wits 4-1n. Open Joints 
(Survey made during winter of 1939-40) 


Wiener Number | Number of Corner 
Length | Number| Duane, | Numbor | of | c.°f., | Breaks per 100 mi, 
Age of es between N é, l Natural an 4 
Pavement Toits Joints Cr ae Cracks Joints p ? 
years ft. ft. per mi. per mi. Extenon interes 
4 33,371 95 355 30 
6 37,657 53 710 346 139 139 %O ee 
2 18,885 24 821 224 63 69 28 252 
8 92,118 109 846 2,603 151 155 115 120 
9 182,977 208 880 6,996 203 211 276 440 
10 15,591 44 363 311 106 120 440 339 
11 61,481 90 68 1,748 151 160 258 463 
16 13,985 14 1,075 630 238 243 340 982 


possibly because the lengths of pavements included in each age group 
in Table 54 are not sufficient to give good averages. The survey in- 
cluded from 4 to 35 miles of pavement having 4-in. open joints in 
each age group, as compared with from 50 to 100 miles of pavements 
with joints at close spacings, which probably accounts for the more 
uniform data in the latter case. The data agree substantially with 
the results of earlier surveys, which indicated that the average length 
of unbroken slabs at 13 years was about 28 ft. 

It appears from Table 53 that serious transverse cracking on 
pavements with joints spaced at 30 ft. began during the second year 
and increased during subsequent years. At the end of four years there 
were almost as many transverse cracks per mile in these pavements 
as there were in pavements of the same age built with 4-in. open joints 
at 800 to 1,000 ft. This may not be a true comparison, because the 
data for pavements with 4-in. open joints do not establish definitely 
the probable average spacing of transverse cracks for various ages. 
However, it is established definitely that cracks occur rather frequently 
in 30-ft. panels even at early ages, and it is reasonable to expect that 
eventually all such panels will develop at least one crack, giving a 
maximum average spacing of 15 ft., or a total of 352 joints and cracks 
per mile. This is substantially in agreement with the results of investi- 
gations conducted by the Public Roads Administration (Public Roads, 
November, 1935), and the theoretical analysis made by Dr. jak Wh, 
Westergaard (Public Roads, June, 1929), both of which indicate that 
stresses due to restrained warping are relieved materially in slabs 
10 to 15 ft. long. Pavements with 4-in. open joints which were 16 years 
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old at the time of this survey had a total of 243 joints and cracks per 
mile, or an average crack interval of 22 ft. (Table 54). 

It appears, therefore, that maintenance of transverse cracks will 
in time be equal for pavements with joints at 30 ft. and those with 
4-in. open joints spaced 800 to 1,000 ft. When maintenance of the 
joints is also considered, especially during the later years of the 
pavement’s serviceable life, when the joints unquestionably will re- 
quire as much or more attention than transverse cracks, the cost of 
adequately maintaining the pavements with joints at 30 ft. may 
exceed that for pavements with 4-in. open joints. 

Perhaps the most serious aspect of cracks in pavements built with 
air-chamber expansion joints and metal contraction joints during the 
period between 1933 and 1938 is that the cracks have no provision 
for transfer of load between the exterior corners thus formed. This 
does not apply to the pavements built prior to 1933, because they 
were built with marginal edge bars which are known to provide some 
load transfer. It also is not considered serious in the case of pavements 
built in accordance with the design adopted in 1938, which includes 
wire mesh reinforcement; this is expected to provide load transfer by 
the fact that the steel will hold the slabs together so as to maintain 
aggregate interlock. The cracks in pavement without marginal bars 
or mesh reinforcement form free edges, epecially during periods of 
contraction when the cracks are open sufficiently to destroy aggregate 
interlock. These cracks are points of potential weakness, and it seems 
reasonable to expect numerous corner breaks and other load failures 
as the pavements become older. 

During recent years “pumping” at joints and transverse cracks has 
become a serious problem on pavements on some types of soil carrying 
heavy truck traffic, especially when drainage and subgrade conditions 
are such that a high water table is maintained. It appears that trans- 
verse cracks without load transfer features would be especially sus- 
ceptible to this action, because the ends of the slab on each side of the 
crack deflect independently and the deflections will be larger than if 
the slabs had mutual support. No data to substantiate this opinion 
were obtained from these investigations, possibly because such infor- 
mation was not requested specifically. Cases are known, however, 
where “pumping” is a serious problem at air-chamber joints. It is 
entirely possible that most of the pavements included in this survey 
were not old enough to have developed this condition and that such 


failures will show up to an increasing degree as the pavements become 
older. 
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It was stated above that corner breaks and other load failures 
might be expected in pavements in which no provision had been made 
for load transmission at future transverse cracks. As yet, relatively 
few corner breaks have occurred in the pavements with closely spaced 
joints, as is seen from Table 53. Since all load failures seem to be a 
function of time, the small number of corner breaks may be due to the 
fact that these pavements are still relatively young. The data, however, 
show a definite increase with age in both exterior and interior corner 
breaks and some indication that they form more rapidly as the pave- 
ments become older. For example, exterior and interior corner breaks 
each occurred at the rate or one per hundred miles in the pavements 
one year old; eight and 19 per hundred miles, respectively, in the 
pavements two years old; 12 and 33 per hundred miles, respectively, 
in the pavements three years old; and 68 and 69 per hundred miles, 
respectively, in the pavements four years old. Interior corner breaks 
occurred much more frequently than exterior corner breaks. This was 
true of almost every age and joint group into which the data were di- 
vided. Considering all the pavements with closely spaced joints as a 
whole, the interior corner breaks exceeded the exterior corner breaks by 
almost 46 per cent, there being 188 of the former and 129 of the latter. 
This amounts approximately to one interior corner break every 3.0 
miles and one exterior corner break every 4.7 miles. 

Obviously, the frequency of these failures is not serious at the 
present time. An indication of how these failures may increase as the 
pavements become older may be obtained from the data for pavements 
with 4-in. open joints (Table 54). It has been pointed out that pave- 
ments in which air-chamber joints were installed will sooner or later 
develop as many cracks as pavements in which 4-in. open joints have 
been installed; also, that the cracks which develop between the air- 
chamber joints will probably be more susceptible to load failures 
because of the absence of load transfer. It may be concluded then 
that pavements with joints at 30-ft. intervals and no wire mesh 
reinforcement, marginal bars, or other provision for load transfer 
across transverse cracks, will in time develop as many or more corner 
breaks than pavements with 4-in. open Joints. 

The number of exterior and interior corner breaks in the pavements 
with 4-in. open joints ranged from 89 to 1,322 per hundred miles, 
depending on age (Table 54). Interior corner breaks occurred more 
frequently than exterior corner breaks, the former being about 62 per 
cent greater than the latter. This was true of every age group but one. 
Considering the 86 miles of pavement included in this survey, there 
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were 156 exterior and 253 interior corner breaks, or one exterior failure 
for every 0.55 miles and one interior break for every 0.34 miles. In 
the pavements 11 years old, there was one exterior and one interior 
corner break every 0.39 miles and 0.21 miles, respectively. Corre- 
sponding values for pavements 16 years old were one exterior corner 
break every 0.29 miles and one interior break every 0.1 mile. Looking 
at this another way, on the 16-year-old pavements there were a total 
of 646 joints and cracks, making a total of 2,584 exterior and interior 
corners each, of which about 0.33 per cent of the exterior corners and 
1.0 per cent of the interior corners had failed. The section of 16-year- 
old pavement covered by the survey is on a federal route carrying 
approximately 1,250 vehicles per day. 

These figures give an indication of the number of corner failures 
which may occur eventually in those pavements built with joints at 
30-ft. intervals, without provision for transfer of load across inter- 
mediate transverse cracks. Due consideration should be given, however, 
to the fact that these newer pavements are of heavier design and are 
therefore capable of withstanding greater loads. Most of the pavements 
with 4-in. open joints are of the 9-6-9 design, and all of the pavements 
with joints at 30-ft. intervals are of the 9-614-9 or heavier design. 

It is not certain, however, that the heavier design will offset the 
lack of load transfer at transverse cracks. The frequency with which 
corner failures may be expected, as shown by the survey of old pave- 
ments, is small when compared with the total number of corners, and 
it does not appear that corner failures in these pavements will present 
a serious maintenance problem as long as the volume of heavy traffic 
and the maximum allowable loads are not increased. If traffic condi- 
tions should change, even the heavier designs may not be sufficient, 
because experience shows that the present allowable loads oe on 
the critical. ‘ 

The data obtained from the survey of pavements with aber, bi- 
tuminous premolded, and air-chamber joints are arranged in Table 
55 to show the relative cracking of pavement which followed the 
existing grade closely, and pavement on fills, in cuts, in cut and fill, 
and over culverts. The number of broken panels in each of these 
classifications is given in percentages of the total number of panels in 
the classification. It appears that there was somewhat less cracking in 
slabs at grade and considerably more cracking in slabs over culverts. 
The greater percentage of cracked panels over culverts was especially 
evident in the older pavements; 42.4, 51.2, and 53.7 per cent of all 
panels over culverts were broken on the three-, four-, and five-year- 
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old pavements, respectively. Except for the six-year-old pavement, 
the percentage of failures over culverts was approximately twice as 
great as at each of the other locations. The six-year-old pavement 
consists of only one section, which had abnormally high percentages 
of failures at all locations and probably represents a maximum condi- 
tion rather than an average. Panels on fills, in cuts, and in cut and 
fill had about the same proportionate number of failures. 


TABLE 55 


Summary SHowine INFLUENCE oF LOCATION or PAVEMENT witH RESPECT 
TO SURROUNDING TOPOGRAPHY AND CULVERTS ON CRACKING OF 
Pavements BuitT with PREMOLDED AND Mera Joints 
(Survey made during winter of 1939-40)1 


Broken Panels in Percentage of Total Panels 


Age Type 
Joint 
years © Cut Over 
At grade On fills In cuts and fill eulencte 

it Fiber 12.4 6.5 8.7 11.4 8.8 

Bituminous 
premolded 2.0 1683 8.9 14.3 are 
Weighted Averages 10.2 6.3 8.7 11.5 8.8 
2 J-1 16.6 13.3 125 15.5 21.4 
J-4 15.0 28.0 13.4 14.4 21.8 
Weighted Averages 16.1 21.9 1205 iB aes) 21.5 
3 J-1 WgCL 21.5 O80 22.6 42.9 
J-4 19.9 16.4 23.3 30.7 41.1 
Weighted Averages 18.5 19.6 30.3 25.2 42.4 
4 J-1 Qird 25.6 23.6 27.8 iy bef 
J-2 i erg 22.2 23.7 18.1 50.8 
J-4 12.5 23.1 33.9 9.7 25.0 
Fiber 35.7 30.3 39.6 26.9 45.4 
Weighted Averages 23.4 25.4 26.9 23.5 61.2 
5 J-2 30.8 28.8 38.2 23.7 53.7 

6 Bituminous 
premolded 86.4 82.8 91.8 93.9 97.2 


1 Four-year-old fiber joints surveyed during February and March, 1943. 


These data also show the natural trend for cracking to increase 
with age. There is no indication that the type of joint had any effect 
on transverse cracking. Although the data for one age may favor one 
type of joint slightly, the data for another age are favorable to another 
type of joint. Generally speaking, the amount of cracking was the 
same for all joints. Perhaps the most significant aspect of the data 
shown in Table 55 is the high frequency of broken panels over culverts, 
which indicates clearly that there are features in the design of pave- 
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ment slabs or the culverts under them, or both, which tend to cause 
cracking of the pavement slab. This defect appears to be sufficiently 
serious to warrant a study of the problem with the view of avoiding 
in some way the occurrence of these cracks. If this is not practicable, 
perhaps the installation of a construction joint with bonded tie bars to 
keep the crack closed and free from infiltration would be an improve- 
ment over present practice. 

It is evident from this and previous investigations that joints 
spaced at 30-ft. intervals are not effective in preventing the formation 
of transverse cracks in pavements. In fact, it is probable that the rate 
of cracking on such pavements is greater at early ages than on un- 
jointed pavements or pavements with joints at relatively large inter- 
vals, because the stresses due to restrained warping, which apparently 
are a primary contributing factor in the formation of transverse 
cracks, are of serious magnitude in 30-ft. slabs as well as in longer 
slabs. Thus, there is as much chance of a crack developing in a 30-ft. 
slab as in a longer slab. It is very probable that eventually all of the 
panels between the metal and premolded joints at close spacings will 
have cracked at least once, and, in the final analysis, the average 
length of unbroken slab will be approximately the same in Jointed and 
unjointed pavements. 

The data on cracking of pavement with 4-in. open joints agree 
substantially with those from previous surveys. It is indicated that 
at an age well within the anticipated service life, pavements with 
joints at close intervals may have as many transverse cracks as those 
with 4-in. open joints, and that they will present an equally serious 
maintenance problem. 

Although corner failures have not reached serious proportions on 
any of the pavements covered by this survey, it seems reasonable to 
expect that the pavements with metal joints at 30-ft. intervals will 
be very susceptible to exterior corner failures, because there is no 
provision in these pavements for load transfer at transverse cracks. 
For this same reason, it is believed that “pumping” may become a 
serious problem as these pavements become older, due to the lack of 
mutual support between adjacent slabs. 
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V. ARMINGTON EXPERIMENTAL Roap 


16. General. — During the course of its investigation of joints in 
concrete pavements, the University committee proposed the construc- 
tion of an experimental pavement for the purpose of providing: (1) an 
opportunity for manufacturers to demonstrate their products; (2) a 
means for observing the installation procedure and problems of various 
types of joints; (3) a means for making measurements of joint and 
slab movements; and (4) a concentrated grouping of various types 
of joints where their behavior could be studied over an extended period 
of time under the same conditions. 

The plan was approved by the Division of Highways, and the 
project was included as a part of a regular paving contract on a road 
near the village of Armington about 25 miles southwest of Blooming- 
ton. The road is a stub running from Route 119 north for a distance of 
two miles and thence west into Armington. It was officially designated 
as Route 119-A, Section 118, Tazewell and Logan Counties, Regular 
Federal Aid Project No. 220-A. 

This road was chosen partly because its location made it readily 
accessible for inspection by members of the University committee and 
engineers from the Division of Highways, but principally because of 
a combination of conditions which made it particularly desirable for 
an investigation of this nature. It was anticipated that the traffic 
using the road would be light, and it was believed that a truer picture 
of the actual behavior of joints due to expansion and contraction 
could be obtained if not complicated by heavy traffic. Furthermore, 
the road was desirable because of the uniform subgrade, flat grades, 
and minimum of cut and fill which it provided. 

Data from the Bureau of Highway Research of the Division of 
Highways indicated that the traffic in 1940 averaged about 400 vehi- 
cles per day. Of this number 84 per cent were passenger cars and 
16 per cent were trucks. Only 2 per cent of all vehicles were of the 
heaviest type permitted in Illinois (Class X), and observations showed 
that very few of these were fully loaded. Medium trucks carrying 
farm products usually provided the heaviest loads. It is thus seen 
that traffic on this road is very light, both in number and weight of 
vehicles. This should be kept in mind in studying the results of this 
investigation. 

The experimental project on the road was divided into two parts, 
totaling 7,410 ft., or 1.403 miles, in order to take advantage of favor- 
able topography. The first starts near the north end of the section at 
Sta. 2+ 00 and extends south a distance of 3,675 ft. to Sta. 38 + 75. 
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The other starts at Sta. 68 + 00 and extends south a distance of 3,735 
ft. to Sta. 105 + 35. The general layout is shown in Fig. 92 (see 
pocket attached to inside back cover). é; 

All arrangements for obtaining joints and load transmission devices 
for installation in the experimental project were made by the Univer- 
sity committee, interested manufacturers being invited to participate 
by contributing a representative number of their products. 

The material contained herein is essentially a progress report of the 
experimental project, covering the three-year period ending August 22, 
1941, when the last detailed examination was made. It includes dis- 
cussions of construction practices and problems, and observations 
made during installation; analysis of measurements made of hori- 
zontal and vertical movements of individual panels of pavement be- 
tween joints; a study of seasonal movements and permanent closure 
of joints; and the results of visual inspections to determine the condi- 
tion of the joints and such conditions of the pavement as were influ- 
enced by the joints and load transmission devices. Partial examinations 
were made after August 22, 1941, and where such results are given 
herein, the date is noted. 


17. Construction. —The pavement was constructed as a regular 
contract under the direction of the Division of Highways. It was 
originally planned that the pavement would be built in the fall of 1937, 
but unexpected conditions compelled postponement of the work until 
the spring of 1938. Work was started on the north experimental part 
of the section on May 26, 1938, and finished June 3, 1938. The south 
part was started June 8, 1938, and finished June 16, 1938. The pave- 
ment was of the standard 9 in.-614 in.-9 in. cross section, 20 ft. wide. 
The road was opened to traffic early in July, 1938. 

The materials used in the construction of the pavement were 
supplied from the following sources: 

Coarse aggregate (gravel) — Materials Service Corporation, 

Lockport, Ill. 

Fine aggregate (sand) — Springfield-Pekin Sand and Gravel 

Company, Pekin, III. 

Cement — Marquette, LaSalle, Ill. Lone Star, Greencastle, Ind. 

In general, the construction procedure followed the usual practice 
prescribed by the Division of Highways in the Standard Specifications 
for Road and Bridge Construction adopted July 1, 1936, and the 
plans and special provisions effective at the time of construction. 
The various joints and load transmission devices were installed by the 
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regular construction crew under the direction of representatives of the 
respective manufacturers. 

At the first and last joint in each experimental group, the identifi- 
cation mark assigned to that group, the station number, and the date 
of installation were permanently imprinted in the surface of the con- 
crete. The date was also placed at the beginning and end of each day’s 
run and station numbers were imprinted at intervals, in accordance 
with usual practice in Illinois. These marks were imprinted with 
characters 5 in. high to a depth of about 1% in. They proved very 
helpful to observers in identifying the various groups during subse- 
quent observations. 

The air temperature during construction of the experimental: 
sections ranged between 64 and 82 deg. F. at 8:00 a.m., 70 and 88 deg. 
F. at noon, and 75 and 90 deg. F. at 4:00 p.m. The average daily 
temperature was 78 deg. F. 

The layout of the experimental portions of the road is shown in 
Fig. 92, which gives the type, location, and spacing of each joint and 
type of load transmission device used. As will be seen, the joints 
were installed in groups; that is, all the joints furnished by a manu- 
facturer were, in general, placed consecutively. Usually there were 
five expansion joints and, when they were used, ten contraction joints. 
Various joint spacings were used in order to study the effect of this 
factor. From Sta. 0 + 00 to Sta. 2+ 00, from Sta. 38 + 75 to Sta. 
68 + 00, and from Sta. 105 + 35 to the south end of the section, the 
contractor furnished J-5 metal expansion and contraction joints with 
L-1 load transmission devices as a regular part of his contract. 

It is not necessary to describe the installation procedure for each 
brand of joint and load transmission device installed, but it is of 
interest to summarize the problems which were encountered in in- 
stalling the several general types of joints and to relate the difficulties 
with some specific joints of each type. 


(a) Metal Joints 


The metal joints were so similar in general character that to a 
considerable degree they all presented the same installation problems. 
Because of their weight and lateral flexibility, three and sometimes 
four men were required to carry them into place. In some cases the 
shape of the copper seal, the position of the anchor pins, and the 
nature of the load transmission device were such that it was necessary 
to take extra precautions in placing and vibrating the concrete against 
the joints in order to prevent honeycomb. 
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The L-4 load transmission device had curved legs which rested on 
the subgrade to provide greater stability. In order to demonstrate 
this stability, the finishing machine was run over one of the J-6 joints 
containing this device, without raising the screeds. The joint was not 
displaced, but pieces of aggregate under the screeds bent and damaged 
the copper seal. 

The J-2 joints were particularly heavy and extremely awkward 
to handle. Also, the heavy temporary anchor pins were hard to pull, 
causing considerable disturbance of the concrete adjacent to the joint 
which had to be corrected in the finishing process. 


(b) Bituminous Premolded Fiber Joints 


These joints were lighter in weight than the metal joints, but were 
so flexible that three men were required to place them. Most of the 
special installation problems, however, arose principally from the 
load transmission devices. : 

The L-14 load transmission devices were shipped separately and 
had to be assembled on the joint at the site of the work. The holes 
punched in the fiber joint material for the specially shaped dowels 
did not correspond to the dowel spacing of the load transmission 
system assembly, and many of them had to be recut. While an attempt 
was made to plug the unused holes with joint material, it is believed 
this was not properly done in all cases, and fins of concrete may 
extend across the joints at these places. However, no trouble from this 
cause 1s apparent. 

As discussed in the description of the J-10 joint, one flange of the 
copper seal on this joint was very close to the surface of the pavement 
and quite short. Knowing this, special care was exercised to see that 
the concrete was properly placed and compacted around this flange. 
In spite of these precautions, several places were found where the 
short flange was loose in the newly hardened concrete, proving that 
such a short flange is ineffective and undesirable. 

A feature peculiar to the J-8 joint was the wire “cage” for sup- 
porting the dowels. This Joint was not in regular production, hence 
the cages for the experimental joints, being handmade, were rather 
crude and inaccurate and did not hold the dowels firmly in place or 
in proper alignment. Furthermore, it was observed that the cages 
obstructed the flow of the concrete during placing, and it is thought 
that honeycomb may have resulted. This would be particularly 
serious because the dowels, not having support from the concrete at 
the face of the joint, would be largely ineffective in transferring load 
from one slab to another. 
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(c) Bituminous Premolded and Rubber Joints 

These joints were the conventional asphalt, felt and mineral filler 
type, and those made from sponge rubber. Because of the great flexi- 
bility of these materials, some method of supporting the joints during 
installation was required. Unfortunately the equipment on hand did 
not fit all of the different joints; consequently some of them were not 
so well placed as would be expected on jobs where proper equipment 
was available. 

Keeping the load transmission devices in proper alignment was 
another problem with these joints. This was particularly true of the 
short dowel unit, such as the L-1 device, which depends for alignment 
on its limited bearing against the joint material. The area of bearing 
on the soft and fiexible material was entirely too small to furnish 
adequate support to the load transmission device. On the other hand, 
the large bearing plates on the L-10 and the L-11 devices held those 
devices securely in line. It was necessary to place supports at both 
ends of long dowels to hold them in good alignment. 


(d) Special Types 
In installmg the “non-extruding” joint, it was observed that in 
most cases the side plates were forced away from the joint material, 
leaving a space through which dirt could enter the extrusion chambers. 
Difficulty was encountered in forming the space and supporting 
the dowels for the joint with the molded rubber seal, but the rubber 
seal had nothing to do with this trouble. 


(e) Dummy Joints 

These joints were formed by driving a T-iron of proper size into 
the concrete to form a groove, soon after the finishing machine had 
passed. T-irons of 1, 114, 2, and 2% in. were used in this experiment. 
The 1-in. size was too light to handle and did not drive well, while 
the 2- and 214-in. sizes were too large. From the standpoint of opera- 
tion, the 114-in. size appeared to be the best. Where a premolded 
filler was to be used, it was inserted in the groove, and the surface of 
the concrete disturbed by the grooving operation was finished and 
edged along the filler. When a poured filler was to be used in the 
groove, a strip of weatherboard was inserted in the groove to aid the 
final finishing operation and was then removed. The first joimts formed 
by the latter method were not well finished, because the need for 
wood strips was overlooked and the concrete had begun to set before 
weatherboards were obtained. 
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There appeared to be some installation advantage in using pre- 
molded strips in the grooves. It was found that where this material 
was used, the grooves were all full depth. Where wood strips were 
used, the grooves varied considerably in depth, probably because the 
strips were withdrawn too early and mortar flowed into the bottom 
of the groove. 

(f) Wood Joints 

These consisted of 1-in. cypress boards, equipped with L-1 load 
transmission devices. Because of their rigidity, they were by far the 
easiest to install of any of the joints used on the experimental road. 
The firmness of the wood held the load transmission devices in excel- 
lent alignment. Their stiffness and lightness made them very easy to 
handle, and two men could install them without difficulty. It was 
easy to drive the supporting stakes tightly against the joints, leaving 
no pockets for the formation of honeycomb. 


18. Field Observations and Measurements. — Examinations were 
made from time to time by members of the University committee and 
engineers from the Division of Highways to observe the condition of 
the pavement, joints, and load transmission devices. On some of those 
occasions, measurements were made to determine the movements which 
were occurring at joints at selected locations, in general at two ex- 
pansion Joints and one contraction joint in each group. Measurements 
included opening and closing of joints, horizontal movement of entire 
panels between joints, and vertical movements of slab edges adjacent 
to joints. 

The opening and closing movements were made between gage plugs 
consisting of copper roofing nails set in pairs straddling the joint with 
their heads flush with the pavement surface. Four pairs were installed 
at expansion joints, one pair 6 in. from each edge and a pair 6 in. on 
each side of the longitudinal center joint. At contraction joints only 
the two pairs at the edges were installed. As soon as the concrete had 
set sufficiently hard, center punch marks were placed in the nail heads 
at a basic gage distance of 8 in., except at the 4-in. open joints, where 
the gage distance was made 11 in. 

Horizontal and vertical slab movements were taken from the gage 
plugs referred to bench marks placed near the right-of-way lines for 
that purpose. These consisted of concrete cylinders 6 in. in diameter 
and 5 ft. long, cast in place, with a steel rod extending vertically 
through the concrete into the soil below. These were also set in pairs 
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on the extended centerline of the joint, one on each side of the pave- 
ment, with punch marks placed in the top of the steel rods in such a 
manner that a line from the punch mark on one bench mark to that on 
the corresponding bench mark on the other side of the pavement was 
parallel to the centerline of the joint, and coincided with the line 
between the outside pair of gage plugs on that side of the joint. 

Horizontal movements of slab panels were taken by setting a 
transit-over one bench mark, orienting it on the one directly opposite 
it on the other side of the pavement, and measuring the position of 
the gage plugs with respect to this line. 

As soon as possible after the pavement was finished, profiles were 
taken along each edge of the pavement, elevations being taken at the 
gage plugs at the end of the joint and at the midpoint of each slab 
panel. Profiles were also taken along the longitudinal center joint by 
taking elevations at the gage plugs set on each side of the transverse 
joints. The readings were made with an engineer’s level to 0.005 ft., 
and carefully checked by reference to both bench marks in each pair. 

While neither of these methods provides extreme accuracy, sig- 
nificant results were obtained, and it appears that the data are suf- 
ficiently reliable to indicate the general behavior of the panels under 
observation. 

Initial readings were taken on the north section on June 9, 1938, 
and on the south section on June 20 and 21, 1938. Up to and including 
August 13, 1941, nine additional sets of readings had been taken to 
determine the movements at joints and six to determine horizontal 
and vertical movements of slabs. Readings to determine the width of 
the joint openings were also made in July, 1943, and November, 1943. 
Detailed examinations of the condition of the joints and pavements 
were made on several occasions, the last on August 12 and 13, 1941, 
and a number of partial surveys were made at various times both 
before and since that date. It is planned to continue making measure- 
ments and observations as long as they yield valuable information. 

The data which have been accumulated are too voluminous to 
report in detail in this bulletin. For that reason only typical examples 
showing trends in movements of joints and panels are given. The 
condition of the joints and pavement is indicated by summaries of the 
results of the latest complete condition survey made during August, 
1941, supplemented by discussion of the results of partial surveys 
made later. Discussions of the results of measurements and observa- 


tions follow. 
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(a) Movements at Expansion Joints 


Typical examples of horizontal movements at expansion joints are 
shown for selected joints in Figs. 93 to 97, inclusive. In these graphs, 
changes from the initial gage width of the joints are plotted as a 
function of age for the 11 times that readings were taken. 

Included in Fig. 93 are graphs for the metal joints which had a 
nominal opening of 1 in. Figure 94 includes the 1-in. joints with pre- 
molded fillers. The %-in. metal and premolded joints are covered by 
Figs. 95 and 96. Movements at 4-in. open joints are shown in Fig. 97. 

As would be expected, the graphs show that the joints respond to 
temperature changes; as the temperature falls the joints open, and as 
it rises they close. It was noted, however, that the joints did not 
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open and close uniform amounts, the movement being more at some 
joints than at others. This variation in joint behavior is significant, 
as it may have an important bearing on the formation of cracks, 
blowups, and other failures. The reason for unequal movements at 
joints was not ascertained, but it probably was due principally to 
differences in internal resistance within the joints caused by the load 
transmission devices and the presence or absence of joint filler. This 
is indieated by the fact that most of the premolded type joints showed 
smaller movements than the metal joints, which were designed to 
provide a substantially free expansion space. 

Figures 93 to 97 also show that many of the expansion joints have 
developed an appreciable amount of permanent closure; that is, the 
joint opening is becoming smaller as the age of the pavement in- 
creases. In these cases, the approximate average rate of closure for the 
three-year period was estimated by plotting by inspection an average 
straight line for the various points on the curve. 

Here also the type of joint appears to have an effect; the joints 
having free expansion spaces, in general, show more permanent closure 
than the premolded joints, which offer more resistance to closing. It 
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further appears that the amount of permanent closure is affected by 
the presence of contraction joints, the greatest closure occurring at 
expansion joints installed in conjunction with two contraction joints. 
The reason for this is discussed in Sections 2 and 15(d) (pages 18 
and 159), where it is pointed out that pavements are subject to growth 
due to infiltration of dirt into transverse cracks and contraction joints. 

The rate of closure for selected expansion joints for both the 
three-year period and the five-year period is given in Table 56. The 
final readings for the three-year period were not all made at times 
when the temperature was approximately the same as when the initial 
readings were taken, and it was necessary to estimate the rate of 
closure by inspection. The rate of closure for the five-year period was 
determined from the total closure measured in August, 1943, since 
the measurements were taken when the pavement was at practically 
the same temperature as when the initial readings were taken in June, 
1938. 

It appears significant that practically every joint measured in the 
north section (Sta. 2 + 00 to Sta. 73 + 75) shows definite permanent 
closure. In this section, with the exception of a length of 150 ft., there 
are contraction joints between expansion joints, and all of the expan- 
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sion joints had free expansion space or an easily compressible filler. 
The two J-5 joints at Sta. 100 + 02.5 and Sta. 100 + 85 also show a 
considerable permanent closure. 

By way of contrast, in the south section, where there are no 
intervening contraction joints and the joints are narrower and contain 
fillers which offer some resistance to movement, practically no joint 
showed a determinable rate of permanent closure. 

The greatest total permanent closure occurred at the 4-in. open 
joints at Sta. 88 + 00 and Sta. 99 + 20. This is as might be expected, 


TABLE 56 


AVERAGE YEARLY Rates oF CLOSURE OF EXPANSION JOINTS 
(Armington Experimental Road) 


Joint Spacing 


Three-Year 


Five-Year 


Station oe _ Type ft. Yearly rate Yearly rate 
In. per In. per In. per In. per 
Exp. | Con joint | 100 ft joint | 100 ft. 
2+75 J-1 1-in. metal 75 25 0.03 0.040 0.032 0.043 
5+00 J-1 1-in. metal wo 25 0.04 0.053 044 0.059 
7+25 J-4 ~1l-in. metal 75 25 0.08 0.107 0.058 0.077 
8+75 J-4 l1-in. metal 75 25 0.08 0.107 0.050 0.067 
10+25 J-6 1-in. metal 75 25 0.06 0.080 0.040 0.053 
14+00 J-5 l1-in. metal 75 25 0.06 0.080 0.050 0.067 
16+25 J-5 l1-in. metal 75 25 0.07 0.093 0.062 0.083 
18+50 J-2 1-in. metal 75 25 0.06 0.080 0.054 0.072 
20+ 50 J-2 l1-in. metal 75 25 0.08 0.107 0.068 0.091 
22+25 J-7 1-in. metal 75 25 0.10 0.133 0.084 0.112 
23+75 J-7 1-in. metal 75 25 0.09 0.120 0.078 0.104 
26-+00 J-3 1-in. metal 75 25 0.09 0.120 0.096 0.128 
100+02.5) J-5 1-in. metal 82.5 27.0 0.09 0.109 0.064 0.077 
100+85 J-5 1-in. metal 82.5 27.5 O.a2 0.133 0.086 0.104 
Average 0.074 0.097 0.062 0.081 
26+75 GR 1-in. open 75 25 0.08 0.107 0.058 0.770 
27+50 GR l-in. open 75 25 0.08 0.107 0.084 0.112 
28+25 GR 1-in. soft filler 15 25 0.07 0.093 0.066 0.088 
31+25 PC 1-in. soft filler 75 25 0.12 0.160 0.114 0.152 
32+00 PC 1-in. soft filler 75 20 0.14 0.187 0.136 0.181 
35+75 L-14 l-in. soft filler 75 25 0.15 0.200 0.096 0.128 
36+50 L-14 1-in. soft filler (3) 25 0.12 0.160 0.094 0.125 
Average 0.108 0.144 0.093 0.124 
12+50 J-6 4-in. metal 25 None 0.010 0.040 0.012 0.048 
13+00 J-6 14-in. metal 25 None 0.015 0.060 0.014 0.056 
Average 0.013 0.050 0.013 0.052 
37+85 L-14 1-in. soft filler 30 15 0.005 0.017 0.008 0.027 
38+15 L-14 V-in. soft filler 30 15 0.070 0.233 0.068 0.427 
Average 0.038 O25 0.038 0.227 
88 +00 4-in. bit. 1,120 Var 0.46 0.041 0.45 0.040 
99+ 20 4-in. bit. 1,120 Var 0.46 0.041 0.51 0.046 
Average 0.46 0.041 0.48 0.043 


Note: The three-year rates were estimated by means of rate of closure lines made by inspection 
on the graphs for that period, since times and temperatures were irregular. 
The five-year rates were determined from the total closures in 1943, since the measurements were 
taken when the pavement was at practically the same temperatures as when the plugs were installed. 
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because of the relatively great length of pavement (1,120 ft.) between 
these joints. The rate per 100 ft., however, is only about 40 per cent 
of that for metal joints. 

Table 56 shows the five-year average rate of closure for 1-in. metal 
expansion joints, spaced 75 and 82.5 ft., to be 0.06 in. per year per 
joint; and for 4-in. open joints, spaced 1,120 ft., about 0.5 in. per year 
per joint. These figures indicate that metal joints might be expected 
to close completely in 10 to 12 years, and 4-in. open joints in eight 
to 10 years. Data from the field investigations discussed earlier in this 
bulletin indicate that complete closure of metal joints could be ex- 
pected in eight years and of 4-in. open joints in about five years. 
Because joints do not close equal amounts, it is reasonable to expect 
that some joints may close completely much earlier than the indicated 
average time. 

(b) Movements at Contraction Joints 

Typical examples of the movement in contraction Joints are shown 
in Figs. 98 to 100, inclusive. Movements in seven representative metal 
contraction joints are shown in Fig. 98. Figures 99 and 100 give 
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similar data for 12 dummy contraction joints. The five joints covered 
by Fig. 99 were installed in conjunction with 1-in. expansion joints, 
two dummy contraction Joints between each pair of expansion joints. 
The seven dummy joints included in Fig. 100 were installed without 
intervening expansion joints. 

It will be noted that all the contraction joints exhibit a general 
progressive tendency to open up permanently, in contrast to the 
opposite tendency of expansion joints, further illustrating the fact 
that pavement slabs act more or less collectively during expansion and 
individually during contraction. Soil sifting into the open contraction 
joints during each successive period of contraction causes progressive 
opening of contraction joints and progressive closing of expansion 
joints. 

Generally speaking, there were somewhat greater movements in the 
dummy contraction joints than in the metal ones. This may have been 
due to resistance set up by the load transmission devices with which 
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the metal joints were equipped; the dummy joints contained no such 
devices. It is possible that the copper seals were somewhat effective 
in keeping dirt out of the metal joints, thereby reducing the permanent 
opening in this type of joint. 

As in the case of expansion joints, the movements in contraction 
joints also were not uniform, those at some joints being greater than 
at others. The unusually large movement in the dummy joint at Sta. 
88 + 35 was probably influenced by the large permanent closure of 
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the 4-in. open joint at Sta. 88 + 00, only 35 ft. away. Measurements 
made on August 16, 1944, indicated that the opening of dummy con- 
traction joints immediately adjacent to the 4-in. open joints at Sta. 
99 + 20 and Sta. 88 + 00 were from two to three times greater than 
the opening of the dummy joints farther away from the expansion 
joints. This effect was apparent only 100 ft. on each side of the ex- 
pansion joints, the openings in the middle part of the section being 
approximately equal for all joints. 

There are indications that some of the dummy Joints opened more 
than would be expected from contraction only, while adjacent joints 
opened less than the anticipated amount. As observations showed that 
at times the joint openings were full of water, this possibly might be 
explained by water freezing in the joint and exerting pressure tending 
to open it. Since the water in the narrower joints would freeze first, 
the volume of water being smaller than in wider joints, pressure in the 
former joints might move the adjacent slabs toward wider joints in 
which water had not frozen. This may partially explain the permanent 
closure of expansion joints and the opening of intervening contraction 
joints. The possible effect of ice pressures in joints has been given very 
little consideration and study. 


(c) Horizontal Movements of Slabs 


The horizontal movement of slabs with respect to bench marks is 
plotted in Figs. 101 to 106, inclusive. In Figs. 101 to 103, inclusive, the 
movements of the end of the slabs on one side of selected joints are 
shown, the movement at each end of the joint being plotted separately. 
For the most part, the movements of the two corners of each slab were 
in reasonably good agreement, the difference being no greater than 
the experimental error which might be expected with the method of 
measurement used. Only the readings made in August, 1941, at Sta. 
95 + 20 (Fig. 106) indicated any appreciable torsional displacement 
of the slab. In this case the east corner of the south slab was 0.05 in. 
north and the west corner 0.17 in. south of their original positions, a 
difference in relative positions of about 14 in. 

It appears that permanent movements of some of the slabs occurred 
over the three-year period during which readings are available. For 
example, Fig. 101 shows that in August, 1941, the slab on the north 
side of the joint at Sta. 36 + 00 was approximately 0.25 in. north of 
its original position determined in June, 1938. 
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In August, 1941, the slab on the south side of the joint at Sta. 
70 + 00 was approximately 0.15 in. north of its original position, also 
determined in June, 1938 (Fig. 102). It is interesting to note that the 
movement at Sta. 36 + 00 was upgrade, while the movement at Sta. 
70 + 00 was downgrade. 

The greatest movement recorded for any slab was on the south 
side of the 4-in. open joint at Sta. 88+ 00. Figure 103 shows an 
apparent permanent movement of approximately 1.27 in. northward, 
which is upgrade. A possible explanation is that the point measured 
is the north end of a section of pavement 1,120 ft. long, which contains 
dummy contraction joints at 20- to 35-ft. spacings and has no pro- 
vision for taking up expansion and permanent movements except the 
4-in. open expansion joints at each end. When this fact is considered, 
it is reasonable to expect a large permanent movement at the 4-in. 
joints. It is unfortunate that similar measurements were not made at 
Sta. 99 +20, the other end of the 1,120-ft. section of pavement, 
between the two 4-in. joints. 

The movement of the slab ends on each side of selected expansion 
joints and the shift of the joint centerline are shown in Figs. 104 and 
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105. Besides opening and closing with seasonal change in temperature, 
some of these joints shifted permanently from their original positions. 
This is apparent from the fact that the average centerline position 
in August, 1941, deviates considerably from the zero or original 
position. Examples of shift in position are the bituminous premolded 
joint at Sta. 31 + 25, the J-10 joint at Sta. 70 + 00, shown in Fig. 104, 
and the 4-in. open joint, shown in Fig. 105. The most striking example 
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is the latter, where the south side moved north a distance of 1.27 in., 
while the north side was moving 0.05 in. to the south, resulting in a 
permanent closure of 1.32 in. and a shift in the position of the joint 
centerline of 0.61 in. to the north. 

Similar movements for two selected contraction joints are shown in 
Fig. 106. It is seen that the movements at these joints have been minor. 


217 


BUL. 365. JOINTS IN CONCRETE PAVEMENTS 


SINIO?? FO ANITYAINAD NI LUAG GNV SLNIO¢ NOLLOVULNOY) AO AdIG HOV NO SANG a€VIG JO SINAWAAOPT IVINOZINOF ‘9OT “DI 


PUNPLOY JO BOG 
(W6l 106/ Ob! 6&6/ 6&6/ 86! BEE [61 /bb/ OF6/ 6861 686! 8E6I BEEI IL61 IPG) Ob6/ =6E6/ EE6/ SEb/ BEG 
bry Gey der judy wep typ ounpbhny Gey wor dy wep tyap supp bay gay ue [ildy wep fap aun 
O/ 


east 


BOIS Gf0S 


+. ++ 
CLLIPAY— 


AtUlOf> 4O (P17 


Yf00S Si PIOMUMCG 
Yt4Op Si O1OMAN 
—f£UPLPAOL) /O¢OZ/1Obf 


SHLOL/ YOUIG 
aL fe. 


EY AS) Yt -1ON a i 

LEREQ S¥IOLY Y2UEg 652 
SEAZO! ‘AS 

+ 4vor of Wo 


ZA 2X) Sy¥1OLy Yyotieg 

SPM S¥AOpY Youeg - COFFE "HS <= 
C COGE AS = 
tT kop Puuiting ‘Ul? 


You Uo JO SYLLEALPLTYY Us fUPLANODLS 


218 ILLINOIS ENGINEERING EXPERIMENT STATION 


(d) Vertical Movements of Slabs 


Profile readings were taken along each edge of the pavement as 
soon as the concrete had set sufficiently, readings being taken on both 
sides of each joint and at the midpoint of each panel. Elevations were 
also taken along the centerline of the pavement, where gage plugs 
were placed at joints. The readings, made with an engineer’s level to 
0.005 ft., were carefully checked from each pair of bench marks. While 
this method does not provide extreme accuracy, it is sufficiently 
accurate to indicate the general behavior of slabs with respect to 
vertical movements. Six sets of readings were taken at different seasons 
of the year between June, 1938, and August, 1941. 

The data from these readings are too voluminous to present in 
tabular form in this bulletin. Complete profiles of the west edge of the 
pavement, plotted for the purpose of study, are not included because 
of their size. A discussion of the results of the study is of interest, 
however. 

The general elevation of the pavement changed with the seasons, 
being higher in the winter and lower in the summer. The maximum 
movements recorded during the three-year period ranged from 0.05 to 
0.1 ft. There were some indications of permanent heaving and settle- 
ment, the former being found principally in cuts or at transitions 
from cut to fill, and the latter on the higher fills; but none of these 
movements exceeded 1.0 in. 

In most cases equal changes in elevation did not occur on each 
side of the joints, one slab almost invariably being higher than the 
other. There was no regularity in this action, the higher elevations 
occurring as often on one side of the joint as on the other. Nor was 
there any uniformity exhibited from season to season; that is, the 
difference in elevation between two sides of a joint did not remain 
constant, but changed from time to time and even reversed itself, the 
higher side sometimes becoming lower than the other side during the 
period between two readings. The differences in elevation across joints 
ranged from 0.005 to 0.025 ft. No attempt was made to correlate these 
data with respect to the types of load transmission devices used with 
the joints. 

While the differences in elevation have not been large, it has been 
shown in an earlier discussion that relatively small changes in the 
contour of a pavement surface can change the riding quality of a 
pavement considerably. It has been observed that pavements, par- 
ticularly those with joints at close intervals, become rougher during 
periods of cold weather, and it is entirely possible that differences in 
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elevation of the magnitude found on the experimental sections may be 
a factor in the riding quality of a pavement. 


(e) Condition of Copper Seals 


As previous experience had shown that the copper seals on joints 
were susceptible to early cracking, the seals on the joints installed in 
the experimental road were observed closely for evidence of failure. 
A number of visual examinations, and one detailed examination in 
which the length of failures was measured, have been made. 

The seals on all the metal air-chamber expansion joints were ex- 
amined in detail on August 12 and 13, 1941. The bituminous caps 
and asphalt seals which had not already been displaced by traffic 
were removed, and the seals were examined closely for cracks and 
splits. Each failure was measured for length. The results of that survey 
are given in Table 57. Twenty-nine of 37 expansion joints in the 
section, or 78 per cent, showed definite and measurable failures. 

Figures 107-130 afford further information. 

The total length of splits in each joint is recorded in Table 57 in 
inches, and also in percentages of the length of the joint. Average 
values for each type of joint are also given. These data show definitely 
that the J-4, J-5, and J-6 joints had more extensive failures than other 
types of joints. These joints have the M-shaped or inverted U-shaped 
seal, which were found from laboratory tests and previous field in- 
vestigations to be particularly susceptible in failure. On the other 
hand, however, the seals on the J-2, J-3, and J-7 joints installed in 
the experimental section, which were also of that shape, had a much 
lower percentage of failure, tending to indicate that the shape of the 
seal has no significance. 

Considering the joints collectively, the total length of splits was 
about 1,662 in. out of a total length of seals of 8,880 in., or about 18.5 
per cent. All of the seals were badly crimped by the expansion of the 
concrete and the action of traffic, and it was impossible to examine 
some of them thoroughly because of the tightness of the crimps and 
the remnants of asphalt caps which were embedded in the folds of the 
copper. The seals may have been split at some of these unobservable 
locations; therefore the values in Table 57 may be somewhat low. It 
was already apparent, at the end of three years of service on a pave- 
ment carrying very light traffic, that the copper seals had failed to such 
an extent as to establish definitely that seals of this type do not possess 
an adequate effective service life. 


TABLE 57 


RESULTS OF COPPER SEAL SURVEY 


(Armington Experimental Road) 


Expansion Joints—North Section—Sta. 2+00 to Sta. 26+00—August 12-13, 1941 


Total 
Num- Num- Per- 
, per | Nie er ber Toe centage 
Station | Type ber | centage i N 
of | wailed | Failed |! | Failures,| Length Sie 
Joints : Failures ey "| Failed 
2+75 J-1 3 15 6.3 Crimped almost tight at 
top. 
3+50 2 ine Crimped to -in. rad. 
at top. 
4125 0 0 0 Crimped to e-in. rad. 
at top. es 
5+00 8 44 18.3 Crimped over split in 
west lane. 
5+75 4 16 6.7 Crimped to Ye-in. rad. 
5 4 80.0 17 79 6.6 ef 
6+50 J-4 2 180 75.0 Crimped. 
7+25 4 138 57.6 Crimped. 
8+00 0 10) 0 Crimped so tight that 
bottom could not be 
inspected. Probably 
reais at sapien Crack 
15 ft. north, open 
8475 5 132 55.0 | Critmea 
an ae 5 : rimped. 
9+50 0 Br; hers 8 194 80.8 Crimped. 
5 4 80.0 19 644 53.8 
10+25 J-6 7 69 28.8 Crimped. 
11+00 5 49 20.4 Crimped. 
11475 4 VP 9.6 Crimped. 
12+00 10) 10) 0 Crimped. 
12+25 1 12 5.0 10-in. spall 214 ft. from 
east edge exposes edge 
of seal and admits 
water. 
12+ 50 0 0 0 Crimped. 
12+75 3 34 14.2 Crimped. 
13+00 0 0 0 5-in. spall 3 ft. from east 
edge ee cs of 
seal and admits water. 
13425 e 3 a 5s Boe 2 : Crimped. 
a : 
14+00 J-5 50 ae 2 180 75.0 Crimped. 
14475 ae see 2 54 22.5 Crimped. 
15+50 te a it 2 0.8 Crimped. 
16+25 a6 sua : 6 150 62.5 Crimped. 
17 +00 at aS wees 4 80 33.3 Crimped. 
5 5 100 5, 466 38.9 
17+75 J-2 1 1 0.4 Failure starting— 
18.50 * . = e eee east lane. 
19-+25 5 28 li 7 Ol Crunredl 
aE 0 ped. 
se 4 15 6.3 | Crimped. _ 
0 0 0 Crimped tight. Difficult 
to inspect. Possibly 
5 4 80.0 11 47 3.9 sige 
21+50 J-7 1 7 i 
22 z 25 1 2 0 ‘ 3 Camber 
ie 12 74 30.8 Crimped. _ 
0 0 0 ee tight. Possibly 
24+50 at be ee 5 37 15.4 ea 
5 4 80.0 19 120 0 < ee 
25+00 J-3 i 1 0.4 Old test punctures at 
3 in. and 3 ft. from 
west edge. Split start- 
ine at latter. Hard to 
25 clean. 
+50 3 16 GAG; Hard to clean because of 
eee Closed to about 
26 2-1n. 
+00 : 0 0 0 Unable to remove as- 
phalt from tight crimp, 
hence possible failures 
3 2 66.7 4 7 oe not observable. ; 
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Fic. 107. View or South EXPERIMENTAL Section Looxinc NortH 
FROM ABOUT Sta. 100 + 00 (OcrosEr, 1938) 


The copper seals on the metal contraction joints were not examined 
in detail, principally because the limited width of the joint made it 
impossible to expose the copper to thorough inspection. Such examina- 
tions as could be made indicated few, if any, failures at the end of 
three years. It is apparent that contraction joint seals have a consider- 
ably greater service life expectancy than expansion joint seals. This 


Fic. 108 (av Lerr). J-1 Expansion JOINT AT Sra. 5 + 75, wirn ASPHALT Cap 
LoosENED BY Dirt AND Partiatuy RemMovep, SHOWING CopPER 
Sra, Sarpy Crrmpep (Aucust 12, 1941) 


Fic. 109. J-1 Expansion Jornt at Sra. 5 + 00 wirH ASPHALT Cap REMOVED, 
SHow1na Copper SeaL (rimpep AND Spurr (Aucust 12, 1941) 
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Fic. 110. J-4 Expansion Jornt at Sta. 9 + 50, SHowING 
Copper SEAL BEFORE ASPHALT CaP WAS 
Pourep (JUNE, 1938) 


Fic. 111. J-4 Expansion Jornt at Sra. 9 + 50 wirn AspHaLt 
Cap PartiALLy Removen, SHowrne Coprrr SpA 
CrImMPED AND Spiir (Aucust 25, 1941) 
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Fig. 115. J-3 Expansion JOINT AT 

Sra. 25 + 50 wira AspHatt Cap Re- 

MOVED, SHOWING SPLITS IN COPPER 
Seat (Aucust 25, 1941) 


ORE: 


Fic. 114. J-7 Expansion Jornt at Sta. 23 + 00 wira AspHatt Cap REMovED, 
Suowrne Lone Spit 1n Copper SEAL (Aucust 25, 1941) 


conclusion appears reasonable from a consideration of the limited 
movement to which contraction joint seals are subjected and the pro- 
tection against the action of traffic afforded them by the narrow joint 
opening. 

The copper seals on the expansion joints in the south portion of the 
experimental road were given a detailed examination on August 22, 
1941. These are fiber joints of various makes provided with copper 
seals over the top. No splits or cracks indicating definite failure were 
found, but many of the seals were badly crimped, which predisposes 
the copper to early failure. The observed condition of the seals on 
individual joints is given in Table 58. 

All of the joints of this type consisted of a %-in. fiber filler. Since 
they were placed at 25-ft. intervals with no intervening contraction 
joints, the amount of movement at each joint is less than that at the 
wider expansion joints at longer spacings. This fact, and the effect of 
the fiber filler in reducing the number of sharp bends and crimps in 


the copper, were apparently the reasons for the better performance 
of the seals on these joints. 
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TABLE 58 


RESULTS oF Copper SEAL SuRVEY 
(Armington Experimental Road) 
Expansion Joints—South Section—Sta. 68+25 to Sta. 79+50—August 22, 1941 


Station Type Condition 
68+25 J-10 Tending to crimp on long side to inverted V or to M shape. 
+50 Same as above. Dented by traffic. 
+75 Distinct V crimp. Traffie dents. 
69 +00 Same as above. 
+25 Some V and M crimping. Short side loose in places. 
+50 Same as above. Traffic dents. 
+75 Same as above. 
70+00 Same as above. Short side out of concrete for 12 in. east of C.L. 
+25 V crimp forming. 
+50 Same as above. 
70+75 J-8 (Misstamped 75+75 in pavement) Apparently OK. 
71+00 V crimp } in. high. 
+25 V crimp /4 in. high, 90° angle at top. Closure about 0.2 in. 
+50 M crimp for 2 ft.+ middle east lane. Remainder V crimp. 
+75 V crimp forming. Old test puncture 2 ft. from west edge. 
Fiber filler disintegrating. Water in joint. 
72+00 V crimp forming. 
+25 V crimp except 1% ft. at east end. 
+50 Small V crimp. Badly dented about 3% ft. east of C.L. 
+75 Small V crimp. 
73+00 Small V crimp. Punctured seal middle west lane. Fiber filler 
fair condition. Water in lower part of joint. 
77+25 J-9 Small crimp. Loose and dented for about 2 ft. beginning 
about 11% ft. from east end. 
+50 M crimp about 1% in. wide. 
+75 Slight crimp. 
78+00 Approximately-normal and O.K. 
+25 Same as above. 
+50 Slight crimp. Punctured seal 1 ft. from east edge. Fiber 
filler O.K. No free water. 
+75 Slight crimp. 
79+00 Similar to 77 +50. 
+25 Slight M crimp. 
+50 Moderate M crimp. 


Subsequent examinations made at later dates, to determine the 
condition of the copper seals on all the joints on the experimental 
sections, were of a qualitative rather than a detailed nature. They were 
made for the purpose of observing in a general way whether the con- 
dition of the seals had become progressively worse. Such observations 
were made in October, 1941, February, 1943, July, 1943, November, 
1943, and August, 1944. These surveys indicated progressive increases 
in the failures in practically all of the seals. 

The condition of the seals on the metal air-chamber joints, as ob- 
served July 23, 1943, is given in Table 59. In most cases failures had 
extended and some of the seals had failed throughout their entire 
length. Only five of the 37 joints showed no observable failures, and it 
was believed that failures probably existed in three of these cases, 
although the presence of asphalt in the tightly crimpled folds of the 
copper prevented close examination. 
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TABLE 59 


ReEsuLts or CoprpER SEAL SURVEY 
(Armington Experimental Road) 
Expansion Joints—North Section—Sta. 2+00 to Sta. 26 +00—July 23, 1943 


Station Type Condition 
2+75 J-1 Crimped tight. Failed both tracks east lane. 
3+50 Crimped tight. Extend of failure uncertain. : : 
4+25 Crimped tight. Remnants of asphalt trapped; hence impossible 
to determine failures. Probably failed. 
5+00 Previous failures extended, failures in east lane. 
5+75 Practically complete failure. Pronounced ‘‘pumping”’ at west end. 
6+50 J-4 Complete failure. Weeds growing in joint. 
7+25 Previous failures extended. 
8+00 Inspection impossible as before. Probably failed. 
8+75 Previous failures extended. 
9+50 Previous failures extended. 
10+25 J-6 Previous failures extended. 
11+00 Previous failures extended. 
11475 Previous failures extended. 
12+00 No failures observable. 
12425 No failures observable. 
12+50 No failures observable. 
12475 Failure in west track west lane. 
13+00 No failure observable. 
13425 Complete failure west lane, half of east lane. 
14+00 J-5 Practically complete failure. 
14475 Previous failures extended. 
15+50 Additional failures, others extended. 
16+25 Previous failures extended. 
17+00 : Practically complete failure. 
17+75 J-2 Previous failure extended, additional failures. 
18+50 Several short failures. 
19+25 Previous failures extended, additional failures. 
20+00 Previous failures extended, additional failures. 
20+75 Satie ahaa asphalt prevented accurate inspection. Probably 
ailed. 
21+50 J-7 Practically complete failure. 
22425 Failures considerably extended. 
23 +00 Practically complete failure. 
23+75 Practically complete failure. 
24+50 Practically complete failure. 
25+00 J-3 Previous failures extended. 
25+50 Previous failures extended. 
26+00 : Previous failures extended. 


The results of an examination made July 23, 1943, of the copper- 
sealed fiber joints in the south portion of the road, are given in 
Table 60. A rapid examination of these joints in October, 1941, had 
shown that at least one seal on each type of joint had begun to fail. 
The remarks given in Table 60 are in reference to those in Table 58. 
For example, a notation in Table 60 of “No apparent change” indicates 
the seal was in the same condition as recorded in Table 58. It will be 
noted from Table 60 that the seals on eight of the 30 joints had de- 
veloped splits in the copper. 

While no splits had occurred in the J-10 seals, it is particularly 
significant that the flange on the short side of the seal had become loose 
in the concrete rather generally, and, in some cases, had pulled com- 
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TABLE 60 


RESULTS oF Coprer SEAL SurRvEY 
(Armington Experimental Road) 
Expansion Joints—South Section—Sta. 68+25 to Sta. 100+85—July 23, 1943 


Station Type Condition 
68+25 J-10 Flange on short side of seal loose in places. 
68+50 Flange on short side of seal loose in places. Concrete broken out 
along north side of joint from plate dowel upward for dis- 
tance of 3 ft. from west end. 
68+75 Seal crimped and damaged. Flange on short side of seal loose in 
places. Concrete broken out along south side of joint from 
plate dowel upward for distance of 3 ft. from east end. 
69+00 No apparent change. 
69+25 Flange on short side of seal loose in places. Concrete broken out 
from plate dowel upward for a distance of 4 ft. from west end. 
69+50 Concrete broken out along south side of joint from plate dowel 
upward for distance of 3 ft. from east end. 
69+-75 Asphalt cap coming off. Flange on short side of seal loose. 
70+00 Flange on short side of seal pulled out for 18 in. east of center line. 
70+25 Half of asphalt cap gone. Seal loose in places. 
70+50 Half of asphalt cap gone. Seal loose in places. 
70+75 J-8 No apparent change. 
71+00 No apparent change. 
71425 Six-in. failure near west end. 
71+50 Failures in all wheel tracks. 
714+75 No apparent change. 
72+00 Six-in. failure east wheel path east lane. 
72+25 Six-in. failure west wheel path west lane. 
72+50 No seal change. Bad spall north side of joint in east lane. 
72+75 Failures in all wheel paths. 
73+00 Failures in west wheel path of west lane, east wheel path of 
east lane. 
77+25 J-9 No apparent change. 
77+50 Six-in. failure west wheel path of west lane. 
77+75 Little apparent change, crimped about )% in. 
78+00 Little apparent change, crimped about \% in. 
78+25 Little apparent change, crimped about )% in. 
78+50 Little apparent change, crimped about }% in. 
78+75 Little apparent change, crimped about \% in. 
79+00 Little apparent change, crimped about \ in. 
79125 Little apparent change, crimped about )% in. 
79+50 Seal split about 12 in. at west end where it enters concrete. 
100+02.5 J-5 Practically complete failure. 
100+ 85 Practically complete failure. 


pletely out of the concrete. Movements of the joint were taken up by 
sliding of the loose flange, resulting in less flexing of the copper, which 
probably explains why the copper did not fail. The loosening of the 
seal in the concrete can reasonably be considered as serious a failure 
as a split in the copper; in either case the seal is no longer watertight. 

It is apparent from these data that copper seals of the types in- 
stalled in this project, both those on the metal air-chamber joints and 
those on the metal-sealed fiber joints, develop serious failures in 3 to 
5 years, and thus do not possess sufficient service life to justify their 
use. In considering this conclusion, it should be borne in mind that 
these results occurred with an almost complete lack of heavy traffic, 
which experience has shown may be an important factor in the destruc- 


tion of seals. 
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Fig. 119. J-8 Expansion Jornt at Sra. 73 +00, SHowine Loose AspHaLtt CaP 
Removep To Exposp SHARPLY Crimpep Copper Seau (Aucust 12, 1941) 
Fic. 120. J-11 Expansion Jornt at Sra. 76 +25. Merat Swe Puates Din Nor 
REMAIN TIGHT AGAINST FILLER, Permittine Dirt To ENTER BETWEEN THEM 
AND ACCUMULATE IN ExtrUSION CHAMBERS (Avucust 25, 1941) 


Fic. 121. Prerormen Rusper Expansion Jorn at Sra. 81 +00, SHowrna WEEDS 
Growina IN Som CoLLECTED BETWEEN Loosr FILLER AND CONCRETE. 
Rosser SHows Some Dererioration (Aucusr 25, 1941) 


Fic. 122. Brrumrnous Premoipep Expansion Jorn at Sra. 86 + 00, SHOWING 
Sricur Extrusion. Finuer tn Goop Conpition (Aucust 25, 1941) 
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(f) Asphalt Seals 


Two types of asphalt seals were used on the expansion joints in the 
experimental road; a premolded mastic cap was furnished on some 
of the metal air-chamber joints, and the conventional poured asphalt 
seal was used on the remainder of the metal air-chamber joints and 
the joints with fiber fillers. 

It developed that the only practical value of the premolded cap was 
that it served to protect the seal during the paving operations and pro- 
vided a guide for edging the joint. After only a few months, many of 
these caps began to show signs of deterioration and no longer adhered 
to the seal, the first failure occurring generally near the edges and 
centerline of the pavement. By August, 1941, when all the caps were 
removed to permit inspection of the copper seals, most of the pre- 
molded ones were loose and some had been displaced by the action of 
traffic. Those which were still in place were broken and split and could 
be easily lifted out of the joint opening. The asphalt had not adhered 
to the copper or the concrete, and soil had worked under the caps, 
causing them to be heaved up to a point where they were subjected 
to severe punishment from wheels of vehicles, which hastened their 
deterioration. The cap on the J-1 joints, which fit the inverted U- 
shaped seal like a saddle, split lengthwise along the top, due to the 
bending occurring when the joint closed. 

The asphalt seals, formed by filling the space above the copper seal 
on the air-chamber joints with hot asphalt, were also found to be in- 
adequate. Like the premolded type, they did not adhere to the copper 
and thus permitted soil and water to infiltrate around them. They were 
more plastic than the premolded type and hence, at least until they 
absorbed a considerable amount of foreign matter, conformed them- 
selves more readily to the changes in the shape of the seal brought 
about by movement of the joint. There was some evidence indicating 
that the poured asphalt which was held in the trough of the M-shaped 
seal after the seal was pinched by closure of the joint, formed a rather 
effective temporary seal. 

Poured asphalt seals on expansion joints with fiber fillers were in 
reasonably good condition at the end of three years. They appeared 
fairly effective in keeping out soil but they did not prevent infiltration 
of water. 

Poured seals on dummy joints were in good condition at the end 
of three years’ service. In most cases there had been a little extrusion 


and the kneading of this excess material by traffic resulted in a rather 
effective seal. 
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The premolded asphalt strips which had been inserted in some of 
the dummy joints at the time of construction were in good condition 
after three years’ service. The effectiveness of these had also been im- 
proved by the kneading action of traffic. The principal advantage of 
this type of construction appears to be that it insures the groove being 
full depth. 

(g) Premolded Rubber Seals 


The premolded type of rubber seal is definitely unsatisfactory. At 
the end of three years the seal from one of the expansion joints had 
disappeared. According to the maintenance patrolman, water freezing 
in the joint space during the winter of 1939-40 had forced the seal 
part way out. It is reported to have disappeared from the joint during 
the winter of 1940-41, and, although this could not be verified, it is 
believed that the seal was torn out by a snow plow. The top seals 
on the other four joints appeared to be in good condition, but the end 
seals were loose and had permitted soil and water to enter the joint 
space. 

Three of the five rubber contraction joint seals were in fairly good 
condition except for a little hardening and deterioration of the rubber. 
The other two were loose, one having dropped down to the bottom of 
the joint groove. 

Subsequent examinations of the rubber seals made in 1943 and 1944 
showed that the rubber was rapidly losing its elasticity and had be- 
come permanently compressed by closure of the joint during periods 
of sustained expansion of the concrete. On February 4, 1948, all of the 
seals in expansion and contraction joints were loose and completely 
ineffective. On July 23, 1943, two of the seals from expansion joints 
were completely out of the Jot opening. The remaining two were 
tight due to closure of the joints during the hot weather. The seals on 
all the contraction joints were loose and two had dropped to the bottom 
of the groove. In August, 1944, the rubber seals were either entirely 
gone, badly compressed, or loose, and showed signs of further pro- 
gressive deterioration. 


(h) Dummy Joint Breaks 


Dummy or weakened plane joints were used as contraction joints 
between some of the expansion joints in the north section of the ex- 
perimental road. A 1,120-ft. length of pavement in the south section, 
separated from the adjacent portions by 4-in. open joints, was provided 
with contiguous dummy joints at spacings of 20, 25, 30, and 365 ft., in 
order to study their effectiveness in preventing irregular transverse 
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cracks. As explained in Section 17(page 201), these joints were formed 
by cutting a groove with a T-iron. The depth of the groove was varied, 
1-, 114-, 2-, and 2%4-in. depths being used, in order to determine the 
minimum depth which will insure that the slab will crack in the groove. 

Part of these dummy joints had a premolded ribbon-type filler in- 
serted as soon as the groove was cut in the fresh concrete, insuring a 
definite depth. The remainder were formed by cutting a groove in the 
fresh concrete with a T-iron and inserting a piece of weatherboarding 
to preserve the groove until the concrete had set and to serve as a guide 
for edging. Measurements of the depth of the grooves of the latter 
joints were taken before the asphalt filler was applied. The average 
results are given in Table 61. It will be noted that the average depth 
of the 1-, 114-, and 2-in. grooves was about 14 in. less than the nominal 
depth. The average depth of the 244-in. grooves was about % in. 
greater than the nominal depth, for no apparent reason. 

In October, 1938, a rapid survey showed that the pavement had 
cracked in every dummy joint, irrespective of the depth of the groove. 
A detailed survey was made July 23, 1941, to determine the regularity, 
nature, and angularity of cracks in the slabs. A summary of the re- 
sults is given in Table 61. 

The deviation of the cracks from the vertical varied inversely with 
the depth of the groove, the greatest angularity occurring with the 
1- and 144-in. grooves and the least with the 244-in. groove. It is 
doubtful that these findings are of any particular significance; cer- 
tainly nothing has developed at these joints to indicate that angu- 
larity of the break, or lack of it, is a benefit. It was observed that the 


TABLE 61 
SumMaARY or Cracks FormMED By Dummy Joints 
(Armington Experimental Road) 


Angle with Horizontal 
Actual Depth 
(Joints with poured Ries 
Nomi- | Num- 90° 80°-90° 70°-80° Dee Ate, | eene 
nal of rea trici- 
Depth | tnds i , ei 
é Num- er- | Num- er- | Num- Per- Maxi-} Mini er 
an gant t- € axi ini- | Aver- * . 
ber ape ber as ber ee mum | mum |} age oe wm 
1 40 24 60.0 13 32.5 3 C5 1% % 12 86.0 % 
1% 30 i8 60.0 8 26.7 4 WSa3 134 % 1% | 78.5 34 
2 60 47 Ga 13 PR ize ne Lene 21 1% 22 |-71.5° | 1 
2% 30 26 86.7 4 13.3 ae es 2% 2% 224% | 64.3 | 1% 
All | 160 115 71.8 38 23.8 7 4.4 
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Fic. 123 (at Lerr). Brrumrinous Pre- 
MOLDED EXPANSION JOINT AT Sta. 
83 + 00, SHowine Excussive Exrru- 
SION CAUSED BY Pourina ASPHALT SEAL 
on Top or Joint. Comparn witH JOINT 
witHouT SeaL In Fic. 122 (Aucusr 
25, 1941) 


Fic. 124 (Brtow). Woop Expansion 
JoIntT, ConsIsTING or 1-1n. CiEar Cy- 
PRESS Boarp witH L-1 Loap TRANSMIS- 
sion Devicn, AsspmBLep Raby FoR 
INSTALLATION (JUNE 16, 1938) 


direction of the break at one end was no indication of the direction at 
the other end. Probably the break, in taking an indirect course across 
the pavement, changed its vertical direction numerous times. 

Part of the survey was made immediately following a heavy 
shower. Water was observed running freely from many of the joints 
for several minutes, and seepage continued for more than an hour. At 
several joints, water flowed from under the slab for a distance of 
several feet upgrade from the joint. 

Table 61 also shows the reduction in cross section and the eccen- 
tricity effected by grooves of various depths, based on the nominal 
depth of the groove. The eccentricity is computed by taking the dif- 
ference between mid-depths of the full cross section and the reduced 
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cross section. It is apparent that the dummy joint results in an appre- 
ciable reduction in the cross section which must resist expansive forces 
in a pavement, and introduces considerable eccentricity in the line 
of action of the resultant of these forces with respect to the center of 
the full cross section. These may be factors in the ultimate behavior of 
the slab, but so far there are no indications that dummy joints have 
introduced any objectionable weakness in the pavement. 


(i) Natural Transverse Cracks 


It had been determined definitely from experience that joints in- 
stalled at 30-ft. intervals, such as was done in Illinois from 1933 to 
1937, inclusive, would not prevent or even retard the formation of 
transverse cracks. Consequently, in building the experimental sections 
variable joint spacings were used for the purpose of studying the effect 
of joint spacing on cracking. Spacings of 15, 20, 25, 27.5, 30, 35, and 
50 ft. were used. A majority of the panels were made 25 ft., in an 
effort to determine whether this length is more effective than the 30-ft. 
length. Six of the 50-ft. panels were reinforced with wire mesh of 
various weights; the other five contained no reinforcement. 

Although no detailed crack survey was made until July 8, 1941, 
the experimental sections were examined for transverse cracks each 
time the road was surveyed. The first cracks were observed on Septem- 
ber 28, 1939, one at Sta. 74 + 85 in a 25-ft. panel between two non- 
extrusion type joints, and one at Sta. 87 + 35 between two %-in. 
bituminous premolded joints in a 50-ft. nonreinforced panel. Two ad- 
ditional cracks were observed in 25-ft. panels on October 17, 1939, one 
at Sta. 7 + 85 between J-4 expansion and contraction joints and the 
other at Sta. 22 + 37 between J-7 expansion and contraction joints. 
Three more cracks were discovered on January 9, 1940. One was located 
at Sta. 7 + 68 in a 25-ft. panel between two J-4 contraction joints. 
The other two were in the east lane only at Sta. 87 + 05 and Sta. 
87 + 15, in the same 50-ft. unreinforced panel in which a crack was 
recorded on September 28, 1939. 

A detailed survey made on July 8, 1941, included an examination 
of both experimental sections and the intervening section containing 
J-5 joints placed at 30-ft. intervals under the regular contract. No 
new cracks were found in the north experimental section, but four 
had developed in the south experimental section at these approximate 
locations: Sta. 70 + 35 in a 25-ft. panel between a J-8 and a J-10 
joint; Sta. 78 + 12 in a 25-ft. panel between two J-9 joints; Sta. 
103 + 10 and Sta. 104 + 85, both in 30-ft. panels between two metal 
contraction joints in the wood joint subsection. 
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Fic. 125. Woop Expansion Jorn at Sra. 
102 + 65. Boarp Is Sounp anp TicHt 
IN Joint with Very Turn LAYER or 
Sitt on Eacu Sing. Tor wirnour As- 
PHALT SEAL Is Onuty Sticgutrty Scarrep 
By Trarric ABRASION (OCTOBER 10, 
1939) 


Fic. 126. Woop Expansion JoInT at Sra. 
105 + 35, Suowinc ASPHALT SEAL, 
AppED SHORTLY AFTER INSTALLATION, 
Sritt in Goop Conpition. Woop SouND 
AND PractricaLLy Futt THICKNESS. 
Tight on Ricut Swe, Yo-r1n. LAYER 
or Sirr on Lerr Swe (Juny 23, 1941) 
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Fic. 127. Dummy ConTRACTION JOINT AT 
Stra. 33 + 00, SHowine TypicaL Crack 
Formep By 21%4-1n. Groove (JuLy 23, 
1941) 


LOEWNORE RAW 


Fic. 128. Dummy Contraction JoInt AT 
Sta. 98 + 40, SHow1nae Typricat Crack 


Formep sy 1-1n. Groove (JULY Dae 
1941) 


BUL. 365. JOINTS IN CONCRETE PAVEMENTS 237 


Fic. 129. Vimw SHowine Conpition or 4-1InN. Open Joint at Stra. 88 +00 on 
Juty 8, 1941. ApproxrIMATE CLOSURE SINCE INSTALLATION ON JUNE 13, 1938, 2.8 IN. 
Fic. 180. Transverse Crack at Sra. 74 + 85. Crack Openine Is asout 14 IN. 
Wuar Appears TO Be Extrusion ActuaLiy Is AN Excess or ASPHALT PourRED 
oN CoNCRETE IN ATTEMPTING TO FILL THE Crack (AucustT 12, 1941) 


An additional crack was found on July 15, 1941, at Sta. 25 + 35 
in a 25-ft. panel between J-3 expansion and contraction joints. Two 
more cracks had developed by August 12, 1941, one at Sta. 25 + 12 
in a 25-ft. panel formed by J-3 expansion and contraction joints, and 
the other in the west lane only at Sta. 38 + 65 in a 15-ft. panel between 
a dummy contraction joint and a fiber expansion joint. The crack 
which had previously been noted in the east lane at Sta. 87 + 15 had 
also progressed across the west lane. On July 23, 1943, one additional 
crack was observed in the west lane only at Sta. 72 + 87 in a 25-ft. 
panel between two J-8 joints. This crack had progressed across the 
east lane on November 18, 1943, and a new crack was found at Sta. 
8 + 62 in a panel between J-4 expansion and contraction joints. The 
most recent examination was made August 16, 1944, at which time 
one new crack was found at Sta. 79 + 37 in a 25-ft. panel in the J-9 


joint subsection. 
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Table 62 summarizes the cracking occurring in the two experi- 
mental sections through August 12, 1941, and in the regular contract 
section through July 8, 1941. While the lengths of the various subsec- 
tions are in most cases not sufficient, nor the pavement old enough to 
justify definite conclusions, general observations are of interest. There 
is an indication that the amount of cracking was proportional to the 
length of panel. None of the 20-ft. panels had developed cracks at 
three years, the 25-ft. panels were cracked less than 30-ft. panels, 
and the 30-ft. panels had proportionately fewer cracks than the 50-ft. 
nonreinforced panels, although there were not enough of the latter 
to be definitely significant. Cracking in the 15-ft. panels was dispro- 
portionately high, one crack having developed in ten panels, but it is 
believed that this crack, because of its location and diagonal direction, 
was caused by some unusual condition which was not apparent. While 
cracking probably is proportional to length of panel, it is nevertheless 
significant that the combined number of joints and cracks is inversely 
proportional to the length of panel. In other words, natural cracks are 
prevented from occurring by what amounts to building controlled 
cracks into pavements. As pointed out elsewhere in this bulletin, this 
may be a questionable procedure because it may reduce the effective 
service life of a pavement. 

Considerably more cracking occurred in the 30-ft. panels on the 
regular contract section than in panels of equal length on the two 
experimental sections. This finding probably is of no particular sig- 
nificance since the topography of the contract section, being more roll- 
ing and requiring more cut and fill, is probably more conducive to 
transverse cracking than that of the experimental sections, which were 
purposely located to avoid grades, cuts, and fills as much as possible. 


(j) Extrusion of Fillers and Bituminous Seals 


Extrusion of joint fillers and bituminous caps and seals is objec- 
tionable because it contributes to the poor riding qualities of a pave- 
ment. This subject is discussed in some detail elsewhere in this bulletin 
(page 171), and measurements obtained from field surveys on regu- 
lar pavements are analyzed. No measurements of extrusion were made 
at the joints in the Armington Experimental Road, but certain obser- 
vations may be made on the basis of visual examinations. 

The asphalt seals on the fiber joints showed only slight extrusion, 
and the small amount of sealing material rising above the surface of 
the pavement was pounded down by traffic, apparently improving the 
sealing effect. 


Considerable extrusion occurred at all-metal expansion joints, the 
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bituminous cap being forced up by the closure of the joint and by 
soil working down between the copper seal and the cap. 

The extrusion of the 1-in. bituminous premolded joints was exces- 
sive, but its effect was modified considerably by the action of traffic, 
and the roughness was not noticeable at ordinary speeds and hence 
not very objectionable. The 44-in. bituminous premolded joints showed 
practically no extrusion except where an asphalt seal had been applied 
to the top of the joint. 

Paradoxically, the greatest extrusion in preformed joints occurred 
at the so-called non-extruding joints. It was observed that the ex- 
trusion chambers did not perform effectively, very little of the pre- 
molded filler entering the chambers provided for that purpose. Soil 
entering the joint between the side walls and the filler, and into the ex- 
pansion chambers, added to the poor performance. In some places the 
filler had been forced out of the joint to a height of 144 in. 

The greatest extrusion occurred at the 4-in. poured joints. This was 
to be expected because of the large volume of material in these Joints, 
and the large movements which occur. It was reported that mainte- 
nance patrolmen had trimmed off the extruded material several times 
prior to July 8, 1941. The filler became very soft at summer tempera- 
tures, flowed out of the ends of the joints onto the shoulders, and 
spread out on the surface of the pavement along the joints. Stains on 
the pavement indicated that the extruded material had spread out 6 to 
8 in. on each side of the joints. 

The effect of temperature in causing extrusion at 4-in. joints was 
illustrated during a survey made August 22, 1941. At 7:00 a.m., when 
the air temperature was 66 deg. F., it was noted that the filler at the 
middle of the traffic lanes was depressed about % in. below the surface 
of the pavement and at the end of the joints was about 14 in. above the 
slab. At 12:30 p.m., when the air temperature had risen to 85 deg. F., 
the filler was about %¢ in. high at the ends of the joints and nearly 
level with the pavement surface at the middle of the traffic lanes. 
During that time the average closure of the joints was about 4, in. 
It is apparent that small closures of the joint and expansion of the filler 
material will result in an undesirable amount of extrusion in wide 
joints filled with the type of asphalt used on this project. 

Much excess filler was observed at transverse cracks, but this 
seemed to have resulted from applying too much material at the time 
the cracks were poured rather than from extrusion. It appears that im- 
proved technique in filling cracks would conserve material, provide a 


smoother surface at cracks, and improve the appearance of the 
roadway. 
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(k) Daily Movements at Joints 


Daily movements may be expected at joints as the concrete ex- 
pands and contracts with changes in its temperature. With closely- 
spaced expansion joints such movements are relatively small and of 
little importance when the joints are of the premolded type. However, 
such daily movements, although small, may influence the failure of 
copper seals, due to the continual flexing of the copper. 

While no large-scale study of these movements was made during 
this investigation, a few measurements made at 4-in. open joints in- 
dicate the magnitude of daily cycles. On August 13, 1941, the two 4-in. 
joints each closed almost exactly 0.10 in. between 7:30 a.m. and 12:30 
p.m. Temperatures of the air, pavement surface, and subgrade at 
7:30 a.m. were 60, 66, and 78 deg. F., and at 12:30 p.m. 76, 81 and 80 
deg. F. A rise in these temperatures to 77, 84, and 83 deg. F., respec- 
tively, at 3:30 p.m. was accompanied by a further closure of 0.01 in. 
On August 22, 1941, the joints closed an average of 0.04 in. between 
7:00 a.m. and 10:30 a.m., with a rise in air temperature from 66 to 
79 deg. F. At 12:30 p.m., with the air temperature at 85 deg. F., the 
average closure had increased to 0.07 in. 


(1) Infiltration 


It has been emphasized throughout this bulletin that infiltration 
of foreign material into joints and transverse cracks is one of the 
principal reasons why expansion joints are required and is a large fac- 
tor in the progressive growth of pavements and the resulting closing of 
expansion joints. This experimental pavement is not of sufficient age 
for excessive infiltration to have occurred, but the general indications 
observed from an examination made in August, 1941, are that all of 
the joints are more or less subject to this undesirable action. 

It was evident that water at some time had filled the metal joints, 
and dirt was found to have collected in the bottom of the metal stools. 
Soil was found to have collected in a limited amount along the pre- 
molded fiber joints and to an even lesser degree along the bituminous 
premolded joints. Four of the wood joints were tight and free from 
infiltration, and one had about %» in. of soil between one side of the 
board and the concrete. On the whole, infiltration in all these joints 
had not developed to serious proportions. About % in. of soil had col- 
lected in the joint that had lost its upper premolded rubber seal. Soil 
had collected in several of the transverse cracks and dummy joints. 
The greatest accumulation of soil was found along the sides and in 
the extrusion chambers of the so-called non-extruding Joint. 
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(m) Watertightness 

None of the joints can be said to be watertight even at early ages. 
The metal-sealed joints were relatively tight at first, but when the 
copper seals failed and the sheet steel bodies rusted out, these joints 
became reservoirs for collecting water and channels for the distribution 
of water to the subgrade. In this respect they were the poorest type 
on the project. 

The fiber joints, being porous, collected water even when pro- 
vided with a bituminous seal and conveyed it to the subgrade. How- 
ever, the rate of transmission was much slower than in the case of 
metal joints. Both the wood and the bituminous premolded joints ap- 
peared to be more effective than other types in keeping water from in- 
filtrating to the subgrade. 

A rough test was made to study the relative watertightness of 
various joints by pouring water in the joint groove and observing how 
long the water remained. The water ran into the metal joints on which 
the seals had failed almost as rapidly as it could be poured. The fiber 
joints took water very rapidly at first but the rate of absorption 
slowed down in a short time. The bituminous premolded fillers and 
wood joints had the lowest rate of absorption. 

The asphalt seal applied to cracks did not appear to be entirely 
effective in preventing the infiltration of water. Only a little water 
appeared to pass the seals on the top of the dummy joints, but water 
entered these joints from the ends and the bottom. In general, it ap- 
peared that the use of asphalt on joints was of some value in reducing 
the percolation of water, because of its sealing effect and the fact that 
it limits the amount of water which can collect in the top of the joint. 


(n) Reinforcement 


Six 50-ft. panels were reinforced with wire mesh reinforcement. 
Three panels contained mesh with No. 4 wires spaced 5 in. by 9 in., 
weighing 54 lb. per 100 sq. ft. Two panels were reinforced with mesh 
with No. 3 wires spaced 6 in. by 12 in., weighing 51 Ib. per 100 sq. ft. 
The other panel contained mesh with No. 3 wires spaced 6 in. by 6 in., 
weighing 68 lb. per 100 sq. ft. No cracks had occurred in any of these 
reinforced panels up to August 16, 1944. However, judging from the 
cracking which occurred in the somewhat similarly reinforced pave- 
ments built between 1938 and 1940, it is reasonable to expect that 
cracks will eventually occur in these experimental panels. On the basis 
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of the same experience, it is also reasonable to expect that such cracks 
as do form will be held tightly closed as long as the wire mesh remains 
intact. 

(0) Load Transmission Devices 


Load transmission devices were considered primarily from the 
standpoint of installation, no method of measuring or gaging their 
effectiveness in transferring load and distributing stress being avail- 
able. The two principal problems, encountered to a greater or lesser 
degree in the installation of all the load transmission devices, were 
keeping the devices in proper alignment and preventing the formation 
of honeycombed concrete adjacent to them. As mentioned previously, 
the wood joints were much more effective than all other types in pro- 
viding proper alignment. 
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VI. Currine JoINTs WITH ABRASIVE WHEELS 


19. General—A number of objectionable conditions arise from the 
conventional methods of installing joints in concrete pavements. 
Among these is the tendency of the surface of the pavement immedi- 
ately adjacent to joints to be built high, due to the necessity of stop- 
ping the finishing machine and raising the screeds at the joint. This is 
discussed in Section 15(g) (page 170). 

Another condition is the inferior concrete deposited immediately 
adjacent to joints, resulting from the finishing machine dragging exces- 
sive laitance up against the joint and from the excessive working of 
the concrete at this location in edging along the joint. In practice, it 
is difficult to edge the joints at exactly the right time, and the already 
inferior concrete is further damaged by excessive troweling. Further- 
more, there is a tendency to trowel so that the edges along the joint 
are higher than the surrounding surface, which makes these edges more 
susceptible to traffic abrasion. It is only necessary to observe the great 
amount of spalling and ravelling which occur, particularly at expan- 
sion joints, to conclude that the construction procedure employed for 
the installation of joints is unsatisfactory. 

There is also the inefficiency of the usual operation to be considered. 
Stopping the finishing machine at each joint, shoveling the excess con- 
crete away from in front of the screed, raising the screed, and moving 
the machine over the joint, all take time and labor and slow up the 
progress of the finishing operations. The amount of hand finishing that 
must be done at each joint also adds considerably to the cost of con- 
struction, particularly since part of this work must be done after 
the end of regular working hours and paid for at overtime rates. 

It was with this knowledge that Professor W. C. Huntington, Head 
of the Department of Civil Engineering, University of Illinois, in 1938 
conceived the idea of cutting joints in pavements with an abrasive 
wheel. The suggested method appeared to have so many possible ad- 
vantages that the University undertook as a research project the de- 
velopment of a machine for doing this work. Earlier work of this 
nature had been done in France, Germany, and California, but knowl- 
edge of these investigations did not come to the attention of the 
University until after its machine had been developed. The work was 
conducted with funds furnished by the Illinois Division of Highways. 


20. Development of Machine —The first machine developed at the 
University, designed for use in the laboratory, consisted of a movable 


BUL. 365. JOINTS IN CONCRETE PAVEMENTS 245 


carriage which supported the driving unit and rolled on four wheels 
along a structural steel frame forming a track. The cutting wheel was 
mounted on the end of an adjustable arm which could be set for varl- 
ous depths of cut. The wheel was driven by an electric motor through a 
V-belt drive. In Fig. 131 the machine is shown as set up for cutting a 
groove in a laboratory specimen. 


Fig. 131. View or Lasoratory Joint Currinc Macuine 


Another machine was built later for use in cutting Joints on actual 
construction projects. Basically it was of the same design as the 
original but, because electric power is not always available on con- 
struction jobs, the second machine was equipped with a gasoline engine. 
It was also equipped with two cutting wheels, one set to the rear and 
to one side of the other in order to cut two grooves simultaneously. The 
lateral distance between wheels was adjustable to various widths up to 
1 in. The wheels could also be adjusted to operate in tandem; that is, 
one wheel directly behind the other so that both would cut in the same 
groove. When operated in this manner, the second whee! was set to 
cut to a greater depth than the leading wheel. Figure 132 shows this 
machine being operated on a pavement. 


21. Development of Method.—Initially it was the intention to cut 
the joint to the full depth of the slab but this procedure was soon 
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Fic. 182. Macuine DrvELopep For CurrinG JOINTS IN PavEMENT SLABS 


found to be impracticable. The time consumed was prohibitive, large 
diameter wheels were required, and excessive wheel breakage occurred. 

It was then decided that the desired results could be obtained by 
installing conventional joints with a height of 2 in. less than the 
thickness of the slab, and then cutting out the 2-in. prism of concrete 
directly above the joint material soon after the concrete had set. The 
various steps in this procedure are shown in Fig. 133. This method 
permits the slab to be poured monolithically and the operation of the 
finishing machine to proceed without being interrupted at each joint. 

The cutting wheels generally used in this process, known as “solid” 
type wheels, are made of granular abrasive material cemented to- 
gether with a suitable bonding agent into a disc % in. or more thick. 
Wheels of %- and 14-in. thickness were tried in the tests. The -in. 
size was more satisfactory, but this might not have been true had a 
more powerful driving motor been used. Many varieties of wheels are 
made with different grades and types of abrasives and bonding ma- 
terials. A considerable amount of laboratory work was performed in 
determining the results to be obtained with different wheels and in 
finding suitable wheels for the job. During the period of the investi- 
gation a number of different wheels were tried with varying success. 

At first a whole day was required for cutting one groove to a depth 
of 2 in. in an 11-ft. slab. Later this time was reduced to 2 hr. and 
finally to 11 min., or 1 ft. per min. This reduction in time was not 
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due entirely to difference in wheels; other improvements in the equip- 
ment and changes in technique were largely responsible. 

The solid type wheels are very brittle, any lateral pressure caus- 
ing them to shatter. The machine and the track on which it runs must 
be constructed so that the carriage will travel in a straight line with- 
out any twist or motion sideways. Even with these precautions, 
extreme care must be taken during the operation of the machine in 
order to avoid excessive wheel breakage. A steel-center wheel, con- 
sisting of a steel disc with a rim of abrasive material cemented to its 
periphery, was tried out during the tests. It appeared that breakage 
could be largely eliminated by the use of this type of wheel. However, 
these wheels cost several times as much as the solid type and are some- 
what thicker. More work would have to be done to determine which 
type is the more economical. 

The best results were obtained on concrete containing crushed 
stone coarse aggregate. It cut relatively fast, either wet or dry, with 
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little wheel wear and a minimum of wheel breakage. On the other 
hand, gravel coarse aggregate concrete was very difficult to cut. Even 
when water was used, the work was slow and wheel wear and breakage 
were excessive. There was some indication during the investigation 
that a high velocity stream of water, properly directed to wash away 
the detritus and keep the pores of the wheel from clogging, will result 
in greater cutting speed and sharply reduce wheel wear and breakage 
when cutting gravel concrete. 


22. Field Experience—By arrangement with the Lllinois Division 
of Highways, joints were cut in three contract sections during 1938 
and 1939. Six joints were cut on Route 1 in a two-mile length of pave- 
ment starting about one mile north of Danville, Illinois. Thirty joints 
were cut on F.A. Route 135, Section 10, between Cisco and Monticello. 
Fifteen joints were cut on F.A. Route 161, Section 10-H, south of Mt. 
Pulaski. 

The first joints were cut in gravel concrete in the pavement north 
of Danville. As is the case in most development work, many unex- 
pected difficulties were encountered which reduced production and 
affected results. 

The machine suffered an accident while it was being transported 
to the site of the work which caused it to vibrate while operating. The 
man in charge of the work reported that in his opinion this vibration 
was the cause for otherwise unexplainable breakage of wheels on 
the job. 

It was also discovered that the machine was not properly balanced, 
and, when cutting joints in pavement on a grade, the vibration of the 
engine caused one end of the track to drift downgrade. This produced 
a lateral pressure which broke the cutting wheel. Other mechanical 
difficulties developed which took the machine out of service for several 
days while repairs were made. 

For maximum production and minimum wear on cutting wheels, 
it is desirable to cut joints early. But experience on this job indicated 
that when cutting is done too early in gravel concrete, small pebbles 
pull out of the cement paste, due to the pressure of the cutting wheel, 
and lodge in the freshly cut groove behind the wheel, making it im- 
possible to return the wheel through the groove for a new cut. Because 
of this condition, all afternoon was required on one occasion to cut 
11 ft. of joint in concrete 24 hr. old. This condition was also present, 
but to a lesser extent, when the concrete was 48 hr. old. 
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Cutting in gravel concrete was done both with and without the use 
of water on the cutting wheels. Both methods produced good cuts, but 
those without water required a much longer time and resulted in much 
greater wheel wear. Some warpage of the wheels occurred when water 
was'used and it was thought that this was due to water being applied 
to one side of the wheel only. 

Two joints were also cut in a part of the Danville section made 
with crushed stone coarse aggregate. Later 45 joints were cut in 
crushed stone concrete on F.A. Route 135, Section 10, and F.A. Route 
161, Section 10-H. Results here were decidedly better than in gravel 
concrete. Less time was required to make the cuts, less wheel wear and 
breakage occurred, and better cuts were obtained. 

All of the cut joints were examined in 1941 by two members of the 
University committee. In general they found these joints to be in good 
condition, with considerably less spalling of the edges than had oc- 
curred at joints installed and finished in the orthodox manner. 

It seems quite probable that spalling can be still further reduced 
by improvements in the jointing and cutting technique. Rounding off 
the sharp edges of the joint, as shown in Fig. 134a, should make these 
edges less susceptible to traffic abrasion and impact. This could be 
done by adding another trailer wheel of appropriate shape to the 
machine, or by other means. 


(L)- Objectionable (¢)- Sort faterial 
Crack Shaped 
to Guide Crack 


Fic. 134. Possiste IMPROVEMENTS IN Process FOR CurtInc JOINTS 
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Although it did not occur at any of the joints included in the inves- 
tigation, there is a possibility that the shrinkage crack over the joint 
material may sometimes fall outside of the joint space, as shown in 
Fig. 134b, a defect which would leave spalled edges along the joint. 
The tendency for such objectionable cracks to form would be reduced 
by early cutting, and might be reduced by shaping the top of the joint 
material as shown in Fig. 134c. 

It should be pointed out that these results were accomplished with 
the first machine developed for field use. This machine had a cutting 
range of only 11 ft. and hence had to be set up twice to cut a joint 
across a full-width pavement. A’ properly designed machine which 
would permit cutting a complete joint with one setting would un- 
doubtedly produce better results and greater efficiency. 


23. Summary.—lt is true that from the standpoint of production, 
outstanding results were not obtained in the field during this investi- 
gation. However, in the development of any new process, efficiency is 
not expected in initial results. Early work, such as was conducted in 
this investigation, can only indicate the feasibility of a process and 
serve to guide others who may attempt to improve the methods and 
equipment. 

It is believed that the principle upon which this method is based is 
fundamentally sound, and that the results of the investigation, par- 
ticularly those obtained in the laboratory, indicate that the method has 
possibilities for practical development. 
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VII. Concuusions 


24. Conclusions—As a result of the investigations and studies re- 
ported in this bulletin, the following conclusions, based entirely on 
data obtained in Illinois, are believed warranted. Conclusions which 
are based on field investigations apply only for the particular climatic, 
soil, and other conditions under which the data were obtained and to 
the specific types of joints included in the investigations. The conclu- 
sions should be considered in relation to each other whenever a rela- 
tionship exists. The various types of joints and load transmission 
devices included in these investigations were installed and tested at 
the request of their manufacturers. 


(a) General Conclusions 


The conclusions in this group pertain to all the types of joints 
covered by this bulletin: 

(1) Joints for concrete pavements are still in the development 
stage, and no joint or system of joints has been developed which meets 
all the essential requirements of a satisfactory joint. 

(2) Spalling of the edges of the concrete at joints and at the junc- 
tion of transverse and longitudinal joints, particularly the latter, is an 
objectionable condition prevailing to a considerable degree at all types 
of expansion and contraction joints. Honeycombed and poorly com- 
pacted concrete under the flanges of the seals on metal joints con- 
tributes to spalling at these joints. Improper edging of joints and the 
poor quality of concrete at joints, resulting from conventional methods 
of installation, also contribute to spalling. 

(3) All joints whose installation requires the finishing machine to 
be stopped and the screed raised at the joint are likely to have inferior 
concrete adjacent thereto. This condition, and the irregular surface 
resulting from hand finishing, tend to promote spalling of the edges 
along the joints. 

(4) The method of installing joints below the pavement surface, 
pouring the slabs monolithically, and cutting down to the joint ma- 
terial with an abrasive wheel after the concrete has hardened offers 
some possibility for improving both the quality of the concrete adja- 
cent to joints and the riding quality of pavements. 

(5) None of the expansion joints included in this investigation 
prevents soil from the surface or the subgrade entering the joint space. 
Accumulations of soil were found in all types of joints. 

(6) All joints included in this study permit percolation of water 
to the subgrade. The air-chamber joints, once the seals split, appear 
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to be the worst in this respect, followed by the fiber joint. The bi- 
tuminous premolded and the wood joints appear to be the most effec- 
tive in restricting the passage of water. 

(7) All types of joints included in the Armington Experimental 
Road can be well installed with proper equipment and reasonable care. 
Metal-sealed, air-chamber joints are more difficult to install than the 
premolded types. Wood joints are far superior to any other type from 
this standpoint. 


(b) Copper Sealed Joints 


The most significant and positive conclusions resulting from these 
investigations are those concerning the behavior of joints with copper 
seals designed to prevent water and foreign material entering the joint 
from the top and ends. These conclusions are as follows: 

(8) One of the most serious defects of metal air-chamber joints is 
the extensive failure of the copper seals, which renders the joints in- 
effective against the flow of water to the subgrade and against the 
infiltration of foreign material into the expansion space. 

(9) Laboratory tests showed that some seals were more durable 
than others, but the difference was only relative. All of the seals 
developed splits early in the accelerated flexing test, indicating that 
none possessed the durability required by economic considerations. 

(10) Laboratory tests, supplemented by field observations of joints 
In service, indicate that none of the copper seals investigated offers 
any assurance of remaining effective more than a few years. Since the 
copper seal is a vital and expensive feature of the air-chamber joint, 
the use of such joints is not warranted. 

(11) Copper seals on premolded fiber joints fail after only a few 
years’ service, and therefore their use also is not economically justified. 

(12) Copper seals on metal contraction joints are more durable 
than those on expansion joints. However, it appears that they also do 
not have sufficient effective life to warrant their use. 

(13) An important factor which contributes to the failure of copper 
seals is the vertical force exerted on the seal by traffic pounding on the 
cap and inert material which works into the space above the seal. 
Another important factor appears to be the differential vertical move- 
ment between the transverse edges of the slabs adjacent to the joint, 
as a load passes across the joint. Vibration of the ends of both slabs 
may also influence the cracking of copper seals. Fatigue appears to be 
an important factor in the failure of copper seals. 

(14) In spite of conflicting evidence, it appears that the volume 
and weight of traffic affect the life of copper seals, but, even where 
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subjected to relatively light traffic, copper seals do not have a life ex- 
pectancy which justifies their cost. 

(15) From the laboratory tests, it may be concluded that during 
installation an undesirable amount of concrete or mortar may enter 
air-chamber joints, thus forming an obstruction to complete closure. 
The pressure exerted on the walls of these joints by the plastic con- 
crete may produce an appreciable variation in joint width, so that 
the full designed provision for expansion may not be secured. 


(c) Closing of Expansion Joints 


The major function of expansion joints is to provide and main- 
tain spaces into which the slabs can expand and thus prevent blowups. 
Many factors tend to decrease or nullify the effectiveness of joints in 
this respect. The following conclusions relate to this function of ex- 
pansion joints: 

(16) Infiltration of foreign material into cracks and joints, an im- 
portant factor in the progressive closing of expansion joints, leads to 
blowups. It appears that air-chamber expansion joints, installed at 
90-ft. intervals with two intervening contraction joints in nonrein- 
forced pavement, will close at an average rate of about 0.1 in. per year, 
but individual joints may close at a much higher or lower rate. 

(17) The rate of permanent closure of expansion joints is a func- 
tion of panel length, number of contraction joints and transverse 
cracks, and type of expansion joint, the most rapid closure occurring 
at joints which provide little resistance to compression. 

(18) Contraction joints and transverse cracks in nonreinforced 
pavements with expansion joints show permanent opening, the move- 
ment being absorbed by the expansion joints. 

(19) Accumulations of soil in joints decrease the available ex- 
pansion space by reducing the free opening of air-chamber joints and 
decreasing the thickness of premolded fillers. This reduces the length 
of time that joints will be effective in preventing blowups. The effect 
of concentrated loads caused by soil in the ends of joints is already 
apparent from the many failures of the extreme corners of the concrete 
slabs adjacent to joints. 

(20) Expansion joints cannot fulfill their purpose of preventing 
blowups if foreign material enters them, or if contraction joints and 
transverse cracks collect foreign material during periods of contraction, 
which causes a progressive growth in the length of pavement between 
expansion joints. 

(21) Wire mesh in Illinois pavements built in 1938 was still effec- 
tive in holding transverse cracks tightly closed and in preventing 
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pavement growth from that cause after seven years of service. No pre- 
diction as to the ultimate serviceable life of mesh can be made from 
these investigations. 

(22) All joints open and close with temperature changes, both 
seasonal and daily, the movements due to the latter being small. The 
amount of movement at expansion joints is related to spacing between 
expansion joints, the number of intervening contraction joints and 
transverse cracks, and the resistance offered by the joint and its load 
transmission devices and the subgrade. 


(d) Premolded Caps and Top Fillers 


The air-chamber expansion joints included in these investigations 
were provided with a premolded cap or a hot-poured bituminous filler 
over the metal seal to protect it and to seal the space above it against 
the entrance of foreign material. The top of the premolded joints and 
contraction joints was filled with a hot-poured bituminous filler to 
prevent foreign material and water entering the joint from the top. 
Experience from these investigations has shown that: 

(23) The effective life of premolded caps such as those used on the 
metal joints is very short, probably not more than one or two years. 

(24) The premolded caps and poured top fillers on the expansion 
and contraction joints included in this bulletin definitely are not 
effective in preventing infiltration of water and foreign material. 

(25) In cool and cold weather, the top surface of the filler on all 
types of expansion joints except wood, when maintained as in Illinois, 
will in general be lower than the surface of the surrounding pavement. 
Except at 4-in. open joints, the amount of intrusion will not be sufficient 
to produce noticeable vertical displacement of a vehicle. The average 
depression at 4-in. open joints ranged from 14 to ¥% in., which on wide 
joints is sufficient to be noticeable, if not disturbing, to passengers in 
a vehicle. 

(26) Even in cold weather, some high fillers will be found at ex- 
pansion and contraction joints maintained as in Illinois. These can be 
expected to be comparable to the extrusion or piling of filler at’ trans- 
verse cracks, and should contribute no more to roughness, except as 
their influence may be intensified at certain speeds by rhythmic build- 
up of the spring movements of vehicles due to the regular spacing of 
joints. 

(e) Premolded and Wood Joints 


The following conclusions are based on the experience in Illinois 
with premolded joints and joints made of wood boards: 


BUL. 365. JOINTS IN CONCRETE PAVEMENTS 255 


(27) The data are not sufficient to establish the serviceable life 
of premolded fiber and bituminous premolded joint fillers. While they 
possess certain defects which are bound to reduce their life, they are 
more economical and practical than air-chamber joints. 

(28) Joints made from cypress boards appear to possess several 
very desirable advantages over other types of joints and show promise 
of being the best type of joint available at present. However, experi- 
ence with wood joints in Illinois is extremely limited. 


() Spacing of Joints 

Opinions among highway engineers as to the proper spacing of 
joints vary widely. Some recommend that joints be installed at 10-ft. 
intervals; others are of the opinion that no joints should be used or 
that they should be installed at long intervals. The following conclu- 
sions relative to joint spacing are indicated from the experience in 
Illinois: 

(29) If appropriate consideration is given to the age of the pave- 
ments, there are indications that Illinois pavements built with joints 
at approximately 1,000-ft. intervals are better riding and better ap- 
pearing than those built with closely spaced joints. 

(30) Since frequency and regularity of surface variations affect 
riding qualities adversely, joints should be installed at the longest 
interval commensurate with other design requirements. 

(31) There were almost as many transverse cracks per mile, in 
addition to joints, in pavements four years old with joints at 30-ft. 
intervals as in pavements of the same age with 4-in. open joints at 
intervals of 800 to 1,000 ft. 

(32) An examination at the end of three years of the subsections 
on the Armington Experimental Road, with joints at from 15- to 50-ft. 
intervals, showed a tendency for the number of natural transverse 
cracks per mile to decrease as the length of slab panel decreased. In 
every case, however, the shorter the original panel length, the greater 
was the combined number of joints and natural cracks per mile. Since 
a joint is nothing more than a controlled crack, introducing the same 
weaknesses into a pavement that natural cracks do, the installation 
of joints at short spacings to reduce or eliminate transverse cracking 


may be undesirable. 
(g) Cracking of Slabs 


One of the reasons for installing joints is to control transverse 
cracking. The following conclusions relative to the formation of 
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transverse cracks and corner breaks are indicated from the results of 
the investigations reported in this bulletin: 

(33) Installation of joints at 30-ft. intervals will not prevent or 
retard the occurrence of transverse cracks. There is no indication 
that the type of joint influences cracking of slab panels. 

(34) Cracking increases with age, but the rate of increase from 
year to year is not uniform. 

(35) A relatively smaller number of transverse cracks was found 
in pavements which follow the existing grade closely than in those on 
fills, in cuts, or at the transition from cut to fill. There was little dif- 
ference in the cracking of pavements in the last three classifications. 

(36) The high frequency of broken panels over culverts suggests 
that steps should be taken to determine the cause or causes of this 
abnormal cracking and the remedy thereof. 

(37) Corner failures have not occurred with sufficient frequency 
in any of the pavements covered by these investigations to be of 
serious consequence. Failure at interior corners occurred more fre- 
quently than at exterior corners. 


(h) Load Transmission Devices 


Only a cursory examination of load transmission devices was made 
during the field investigations, it being impractical to make extensive 
examinations. The following conclusions relative to these joint acces- 
sories are based largely on the results of laboratory tests: 

(38) The limited data relating to load transmission devices ob- 
tained from the field investigations do not justify any definite con- 
clusions as to the relative performance of various types of devices. 

(39) Laboratory tests emphasize the importance of increasing the 
bearing area between the load transmission device and the concrete. 

(40) Load transmission devices should be made of such material 
and design that they will not become ineffective due to corrosion during 
the service life of pavements. 

(41) Load transmission systems which employ a continuous plate 
dowel promote concrete failures along the joint, due to the prying ac- 
tion of the plate dowel on the ledges of concrete above and below the 
horizontal slot formed by the plate. This type of failure may be accen- 
tuated by improper installation. 

(42) Laboratory tests indicate that the aggregate interlock pro- 
vided by the irregular faces of a transverse crack is an effective means 
of transferring load, as long as the crack opens only a small amount. 


BUL. 365. JOINTS IN CONCRETE PAVEMENTS 257 


Hence, a type of construction which will hold the two sides of a trans- 
verse crack in close contact appears desirable. Tests indicate that wire 
mesh reinforcement is effective in preserving the initial load trans- 
mission properties afforded by aggregate interlock, as long as the mesh 
remains intact. 

(43) Load transmission devices add to construction problems, since 
extreme care and close supervision are required to obtain proper align- 
ment of these accessories. It is particularly difficult to maintain load 
transmission devices in good alignment with joints of soft material 
such as rubber and bituminous premolded materials. Wood joints are 
very effective in this respect. 


(i) Dummy Transverse Joints 


During the period covered by these investigations, experience of 
the Division of Highways with dummy transverse joints was limited to 
those installed in the Armington Experimental Road. The following 
conclusions are based on experience with joints 1 to 214 in. deep: 

(44) It appears that a dummy transverse joint 1 in. deep in a 
9-in.- 614-in.- 9-in. pavement was sufficient to produce proper cracking 
of the slab, but a 114-in. depth was the easiest to construct. 

(45) No apparent faulting has occurred at the dummy joints on 
the Armington Experimental Road. 


(j) Ability of Pavements to Resist Compression Influenced by Joints 


Laboratory tests yield evidence that Joints produce concentrations 
of stress in the face of the concrete along the joint, when the joint 
becomes tightly closed. This conclusion is inferred from the fact that 
test specimens containing a section of a joint developed concrete fail- 
ures at loads considerably less than the theoretical load based on the 
cross sectional area of the specimen and the unit compressive strength 
of the concrete from which the specimens were made, as determined 
from tests of 6-in. x 12-in. cylinders. These concentrations appear to be 
caused by the separators in the air-chamber expansion Joints which 
stiffen the side walls and hold them apart, and by the variation in the 
compressibility of the premolded joint materials. The following con- 
clusions are indicated by the laboratory tests: 

(46) Test specimens containing air-chamber and fiber joints both 
failed under unit compressive loads which were lower than the unit 
compressive strength of the concrete in the specimens. It seems prob- 
able that a section of road slab containing a tightly closed joint would 
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be less resistant to longitudinal crushing forces due to expansion of 
the pavement than the unbroken plain concrete slab. 

(47) Premolded and poured joints were more effective than the air- 
chamber joints in distributing compressive stresses after the joints had 
become tightly closed. 


(k) Pavement Surface Smoothness Affected by Joints 


A common criticism of joints is that they affect the riding quality 
of a pavement because of surface irregularities introduced by high or 
low fillers and by variations in the concrete surface itself due to curling 
or poor construction. The size of the irregularities in the concrete 
surface was determined by measuring ordinates to the pavement sur- 
face from a 10-ft. straightedge placed along the normal wheel paths of 
the pavement. The portion of the pavement surface considered in this 
investigation was the 10-ft. length bisected by the joint. The following 
conclusions are based on the data thus obtained: 

(48) For each type of joint the average maximum variation of the 
concrete surface included within the 10-ft. length bisected by the joint 
was for the most part only slightly greater than the limiting value for 
surface variation permitted by the specifications in effect at the time 
of construction. 

(49) On the basis of a roughness rating which gives consideration 
to both the number and relative size of variations exceeding 1% in. in 
10 ft., the pavement surface included within the 10-ft. length bisected 
by a joint was in general somewhat smoother at air-chamber expansion 
joints than at other types of expansion joints. Roughness ratings indi- 
cated smoother surfaces at metal contraction joints than at air- 
chamber expansion joints. 

(50) Pavements with joints of any type have variations in the con- 
crete surface greater than those permitted by the specifications and 
above the limits universally accepted for good riding qualities. This 
indicates that surface roughness is induced by the presence of joints. 

(51) Concrete surfaces adjacent to joints in pavements of the ages 
covered by this bulletin are subject to greater variations in roughness 
than those at transverse cracks, and jointed pavements can be ex- 
pected to be somewhat less smooth riding than unjointed pavements. 

(52) Because the number of joints and transverse cracks in a pave- 
ment with joints at close intervals exceeds for many years that for a 
pavement without joints or with joints at long intervals, the riding 
quality of the former may be expected to be poorer than that of the 
latter for an important part of the service life of the pavement. 
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